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VW-1500, to meet rising 
European living standards, 
is longer, wider and heavier 
than the Volkswagen, and 
has Italo-American styling. 
Suitcase engine, with blower 
on crankshaft, is smaller but 
more powerful. See page 10 
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BEST BUY FOR 
AIR SUPPLY 


UP TO Shp...NEW WORTHINGTON 
MONOBLOC SC compressor 


Based on purchase price, on extremely long compressor 
life ... and on safety, too... your best buy for a 1'2- 
to 5-h.p. air supply is the new Worthington MONOBLOC 
X-Compressor. 

First, the MONOBLOC saves you $30 or more for parts 
and labor because it comes completely wired. There’s 
no starting switch to buy and install and wire in. 

It’s more economical, too, because all your money 
goes to buying a quality motor, compressor, controls 
and tank. You don’t waste it on unnecessary belts, 
belt-guard, sheaves, long base and on the labor required 
for assembling them. 

Is floor space important to you? The MONoBLOc 
vertical tanks save over 60% of space required by old- 
style horizontal units. A 10” radius circle for the 60-gal, 
tank; a 12” radius circle for the 80-gal. tank. 

The MONOBLOC costs less to run. All power goes to 
the compressor—no power loss in belt friction. (No belt 
guards or belt replacements.) 

Of course, you want long compressor life. The 
MONOBLOC is built with the new Worthington X-Com- 
pressor design that virtually eliminates harmful vibra- 
tion. The wide-stance X-shape design reduces vibration 
to the point where a coin can be balanced on the unit 
during starting, running and stopping. 

A silicon-treated filter element removes over 99% of 
the dirt from incoming air—the most dangerous source 
of compressor wear. Tapered roller bearings cut friction. 
The large lubricating oil sump permits better cooling, 
less danger from low oil supply. These and other 
design features assure extremely long compressor life. 

We and our distributors are ready and happy to show 
you why there’s no better way of buying cheap air 
today. Call the Worthington Distributor listed in your 
Yellow Pages. Worthington Corporation, Section 34-8, 
Holyoke, Massachusetts. 


WORTHINGTON 
PRODUCTS THAT WORK FOR YOUR PROFIT 
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THE COVER... 

Entirely new from bum per-to- 
bumper the VW-150 chassis is 
the first VW to abandon the 
now classic beetle shape. Check 
ing the chassis however shows 
that the design principles origi 
nated in the late 1930's have 
been retained. Air-cooled rear 
engine, gas tank in the front and 
independently sprung wheels are 
all familiar to owners of current 
VW models but the similarity 
ends there. The new body style, 
engine packages, suspension etc. 
are described on page 10. 
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17 .. DESIGN DIGEST ISSUE FOR 1961 


A selection and condensation of the most significant articles and 
papers, in fields of importance to Product Engineering readers, pub- 
lished during the past year. The articles have been subdivided into 
ten broad categories for your convenience. Detailed table of contents 
is on page 18. 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


MECHANICAL: 


- Metal fatigue cause of compressor failure 
How to design out noise in gears and bearings 
. Package testers tested 


ELECTRICAL: 


- Computer control headed for many industry jobs 

. Electrochemical cells act as memory units 

. Thermocouple for moving surfaces designed in Britain 
. Components for portable reactors being evaluated 

. Fuel cells for domestic heating? 


MATERIALS: 


. Beryllium research gets cost-sharing contract 
Elastic plastics—oa progress report 
- More strength and workability for small magnets 


PROCESSES: 


. Painted-on coatings provide chemical and optical stability 
. . Titanium production processes improved 


GENERAL: 


Crewman simulator rides Mercury orbital capsule 


JIC standards have new sponsor 
. Stereo microscope offers twinned viewing at low cost 


. Volkswagen designs a new one 
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INTERESTING TO NOTE 





birth of the ‘beetle’ 


Certainly one of the most famous suc- 
cess stories in the automobile industry is 
the phenomenal acceptance of the Volks- 
wagen. When the small German “beetle” 
made its American debut in 1949, who 
could have predicted that within a decade 
the giant American auto industry would 
be tooling to meet the challenge of a 
foreign car. Few people know that that 
“funny little car” was actually designed 
by one of the top three auto designers in 
history—Ferdinand Porsche. 

It began during the turmoil of the 
thirties when Germany was in an e€co- 
nomic crisis and Adolph Hitler grabbing 
for the tiller of state. To help boost his 
popularity, Hitler abolished automobile 


t 


First production Volkswagen, 1938 


taxes and ordered the auto industry to 
produce a car “within the financial reach 
of the majority of the people.” The new 
car was to be called, Volkswagen (‘‘peo- 
ples’ car’’). 

Automobile manufacturers, afraid that 
a low cost car would cut into their profits, 
went along with Hitler’s plans but re- 
luctantly. Hitler chose Porsche to design 
the car and told him of his assignment 
in September 1933. 

Porsche, a dynamic, unusually gifted 
engineer, worked hard putting together 
a team of devoted followers. He got his 
project started in great style, and in no 
time was turning out drawings. Porsche 
was determined to produce a car at the 
ridiculously low price Hitler imposed— 
1000 Marks ($250.00). 

Millions were spent in the most am- 
bitious development scheme ever under- 
taken in the European automobile field. 
hey built a factory on an open field near 
the small town of Wolfsburg. By 1938 
the car was ready for production. Then 
the war began, and the military needed 
vehicles. Wolfsburg was ordered to con 
vert to war production. With converted 
equipment and pathetically few em 
ployes, the plant produced a trickle of 
jeep-like editions of the Volkswagen. 

Only about 70,000 military vehicles 


were built during the entire war—less 
than today’s monthly production. The 
factory was severely damaged by bombs 
and before war’s end was completely out 
of commission. But Porsche’s cars proved 
their usefulness in the desert sands of 
North Africa and the Soviet mud. On 
the Black Market in Cairo, at the end of 
the African campaign, the standing offer 
was three Jeeps for each Volkswagen. 

After the war, British forces occupied 
Wolfsburg. Realizing that something 
had to be done with the broken-down 
factory, and people returned to work, the 
British decided to have some Volkswagens 
built for their own use. A British officer, 
recognizing the “common sense”’ of the 
Volkswagen design, recommended that 
the British automobile industry take over 
the whole business. He was rebuffed, and 
a report shrugged off the whole project as 
hopeless and technically unsound. 

It is one of the ironies of war that 
Hitler’s dream car became a reality only 
after his defeat. An inexpensive “‘peoples’ 
car” began post-war production in 1947 
—fewer than 9000 units rolled off assem- 
bly lines that vear. Last vear, 
units, very similar in style and engineer- 
ing to the car originally conceived by 


hm 
25,93! 


Ferdinand Porsche twenty-five vears ago, 
poured out of the still-growing factory. 
Next year—model 1500—see page 10. 


. 
the reading man 
Not too long ago, Design Digest Editor 
Doug Greenwood was reading a copy of 
the European publication Technische 
Rundschan while homeward bound on a 


crowded city subway. He soon realized 
that the strap-hanger beside him was also 
interested in the publication. After ex- 
changing glances, the stranger informed 
editor Greenwood that he happened to 
be the author of the article they both 
were reading. Finding an author in the 
subway isn’t as strange as it may seem 
when you consider that Doug Greenwood 
reads close to 14,000 technical articles a 
year. From these he must select and edit 
about 72 which appear once a year in 
Product Engineering’s Design Digest. 
Greenwood’s incoming mail must give 
postmen backaches. More than 100 tech- 
nical journals including those from a 
dozen foreign countries, are delivered to 
his desk each month. Besides these, 1600 
technical papers have to be read and 
evaluated. The only technical source that 
isn’t considered for inclusion is Product 
Engineering. “Why give the reader 
something he already has?” says Green- 
wood. —Benedict A Leerburger, Jr 
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Computer control heading for many jobs in industry 


New Yorx—The industrial control 
computer is still in its infancy but its 
amazing versatility will inevitably ex- 
tend its application far bevond today’s 
experience. This is the prediction of 
W. R. Harris, manager of industrial 
engineering at Westinghouse Electric 
Corp. 

Speaking before a 
symposium 


Westinghouse 
computer here, Harris 
noted that most control computers 
today are mathematically programmed 
to handle the variables arising from a 
single process or drive. A next obvious 
extension, he predicts, is use of a single 
computer to control both process and 
drive variables. After that a single 
computer may be extended to control 
a large number of small drives. West 
inghouse is now studying the possi 
bility of using a computer to control 
several hundred drives, each having 
individual characteristics. 

But the control computer itself may 
eventually be only a small entitv in a 
large industrial system, Harris predicts. 
Individual computers may be intercon- 
nected with a high-power central com 
puter. In such systems, the local com- 
puter might scan several hundred 
points in the process, produce displavs 
and alarms, and choose all loops where 
continuity is needed. But it would 
refer certain difhcult, but less fre- 
quently needed, computations to the 
higher powered computer. The local 
computer could then use solutions to 
update its mathematical model. 

An alternative system with central 
and satellite computers might use the 
central computer on-line to perform 
practically all calculations and the con- 
trol computer to act as monitor, in- 
terpreter, scanner, data logger and 
operating console. 

Still more all-embracing systems, 
Harris suggests, may link on-line 
computers with data communications 
circuits. Mechanical processing of 
orders for shipping stocks is al 
ready an accomplished fact. Execu- 
tion of shipping operations by com 
puter is near-fact. And tie-in of this 
information with the process control 
computer to provide close manage- 
ment control on the production line 
will be appearing soon, Harris believes. 

But, he says that economics dictates 
that extended use of computer control 
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should be approached from a building- 
block approach. Components will have 
flexible and mass _ produced. 
Flexibility, the Westinghouse engineer 
savs, is growing by leaps and bounds; 
so there will be few limitations on the 
designer in the near future. 

The major stumbling block at pres- 
ent is the design of sensing devices 
to gather process data. The sensors 
must collect many different tvpes of 
data in various environments. But only 
a few units of each design are needed. 
This makes their design and manu- 
facture expensive. 

Typical of sensing devices now 
needed is a reliable flame detector for 
an electric utility and a device for con- 
tinuously measuring temperature of 
molten steel. In lieu of reliable sensing 


to be 


devices, a process can be predicted 
mathematically and programmed into 
a computer but results are poor. 
Harris predicts that future control 
svstems will continue to be hvbrids 
handling both analog and digital in 
formation. Digital representation is be- 
increasingly important and 
encroaching the domain traditionall\ 
allotted to analog devices, but most of 


coming 


the inherent relations in nature remain 
analog in character, Harris savs. Thus, 
though some set-point controllers are 
digital, including certain speed regula 
tors, position controllers, direct sen 
sors, and shaft position sensors, most 
controllers regulating quantities such 
as temperature, pressure and position 
will continue to be analog. 

—Dora Merris, Assistant Editor 


Cost-sharing contract for beryllium research 


CLEVELAND 
towards the expanding use of beryl- 
lium as sheathing and structural parts 
for aerospace vehicles should result 
from an Air Force cost-sharing con- 
tract with Brush Beryllium Co here. 
The contract continues the production 
techniques research being done by the 
company. 

Studies have shown that substitu- 
tion of beryllium for aluminum in a 
modern transport could reduce weight 
by as much as 50%, N. W. Bass, com- 
pany vice president said. And the 


Another significant step 


greater use of bervilium could increase 
the range and performance characteris- 
tics of missiles and satéllites. Its high 
strength-to-weight ratio, stiffness and 
resistance to heat makes it attractive 
for all airborne applications 

The new contract calls for produc- 
tion of bervllium sheets with better 
and more consistent bendabilitv in 
three directions, improved 
finish and better uniformity of thick- 
ness and gage. W. W. Beaver, vice 
president for research and development 


surface 


engineering news continued on page 4 


IMPROVED TECHNOLOGY to produce large sheets of beryllium is being un- 
dertaken by Brush Beryllium Co for the Air Force. An expérimental missile 
structure made of beryllium sheet rolled and formed by the company is being 


inspected by development engineers. 
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renorted the program would concen- 


trate on: 


e Surface finish, which has an im- 
portant effect upon the quality «f the 


finished sheet. 

@ Formability, which is enhanced by 
certain heat treatments has been found 
beneficial by Brush and others 

e Chemical composition and crystal 
structure of starting billets on the re- 


tions, cross-rolling scheduling and 
jacket design will be examined under 
the new program. 

¢ Ductile properties will be tested 
on flat-rolled sheets. Room-tempera- 
ture strength, bend testing and grain 
size will be studied in relationship to 
ductility. 

e Pilot-plant production of 30 beryl- 
lium sheets each measuring 48 by 18 
in. will be manufactured. Differences 


studied. Tests for tensile strength and 
formability will be carried out and the 
sheets will undergo x-ray diffraction 


and metallographic analvsis 


Brush will produce 50 sheets of air- 
craft quality beryllium in the final 
production phase of the contract. The 
sheets will measure 48 by 18 in. and 
will have thicknesses of 0.02, 0.04 and 
0.06 in. They will provide the basis for 
subsequently manufacturing standard 


sults of mill-rolling procedures. Varia- 
bles in rolling procedures such as in flatness and 
temperature, ratio and rate of reduc- 


Separate Entities 


First flight of Minuteman filmed with a 70-mm Roti optical 
tracking camera using a 6500-in. Perkin-Elmer lens. 
Sequence shows Aerojet-General Corp solid-fuel rocket 
engine separating from the spent first stage when the 
missile was about 45 miles from launch point. Ignition of 
second-stage engine and actual separation from the first 
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gage on individual 
sheets and from sheet to sheet will be 


aircraft size and quality 36 by 48 in. 
beryllium sheets. . 


stage of the three-stage rocket is shown at far left. Next, 
separation is complete, leaving the first stage which starts 
to fall away. At right, is first stage tumbling towards 
earth, caught in the fiery exhaust of the second stage. 
Far right, is the second stage streaking away carrying the 
still dormant third stage and payload. 
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Crewman simulator rides Mercury orbital capsule 


New Yorx—The most comprehensive 
test to date—orbital flight and re-entry 
on a completely automatic basis—calls 
for one earth orbit of a Mercury space- 
craft carrying special instrumentation 
and a “crewman” simulator. It is the 
fourth launch in the Atlas-boosted 
series of Mercury flights and is labeled 
Mercury-Atlas 4, (MA-4). 

If completely successful, the MA-4 
mission will: 

e Achieve orbit for the first time. 
Previous flights have been part of the 
test proving schedule and suborbital. 

e Prove re-entry and that the capsule 
can withstand the 2000 F heat eight 
times longer than in any previous 
Mercury flight. 

e Check modified Atlas launch ve- 
hicle as to its ability to release the 
spacecraft at the precise speed, alti- 
tude and flight path angle for orbital 
flight. 

e Test craft and interrelated systems 
on a fully automatic basis for nearly 
two hours. 

e Establish integrity of the world- 
wide tracking, data-gathering and com- 
munication network of Project Mer- 
cury for the first time. 

e Check braking-rocket system abil- 
ity to bring the craft down from 
orbit. 

Of prime interest is heating of the 
spacecraft’s ablative heat shield and its 
effect on cabin temperature. On a 
nominal mission, peak heating—about 
2000 F—occurs at 37 miles altitude 
while the capsule is moving at nearly 
15,000 mph. The craft must sustain 
temperatures for 6 to 7 minutes—about 
eight times longer than during Atlas- 
boosted ballistic flights like Big Joe 
and MA-2. This is caused by the flatter 
orbital re-entry angle, only 2° in this 
mission, as contrasted with 6 or 7° in 
early flights. 


DESIGN CHANGES FROM PREVIOUS FLIGHTS 


The launch vehicle to be used in 
this test is an Atlas D model, one of 
several especially modified for use in 
the Mercury flight-test program. Prin- 
cipal differences in the Mercury-Atlas 
and the military version of the vehicle 
include: 

e Payload adapter section modified 
to accommodate the spacecraft. 


e Structural strengthening of the 
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upper neck of the Atlas following the 
unsuccessful MA-1 flight. Strengthen- 
ing permits an increase in the aerody- 
namic stress imposed on the Atlas due 
to the heavier payload section. 

e Inclusion of an automatic Abort 
Sensing and Implementation System 
(ASIS) designed to sense deviations in 
performance of the Atlas before an 
impending catastrophic failure. 

ASIS is capable of sensing trouble 
and triggering the escape rocket to pull 
the capsule away from the launch 
vehicle. Even after the escape-rocket 
tower is jettisoned, the system con- 
tinues to check for trouble. If a signifi- 
cant deviation should occur, the sys 
tem would abort the 
releasing the spacecraft-to-launch vehi- 
cle clamp ring and firing the posi- 
grade rockets. 


mission by 


SPECIAL EQUIPMENT 


Since this is to be the first orbital 
flight of a Mercury craft, a mechanical 
“crewman” simulator will replace man 
in the cockpit. The simulator will con- 
sume oxygen, expel carbon dioxide and 
fill the cabin with heat and moisture 
much as a man would in the course of 
normal breathing. 

On the flight, two 45-min voice 
tapes will broadcast preplanned mes- 
sages to stations in the world-wide 
network of tracking stations to check 
HF and UHF transmissions. 

Other mechanical devices will at- 
tempt to reproduce the actions of man. 
A tape recorder, located in the vicinity 
of what would be the pilot’s head will 
record the noises of flight in space and 
back to earth. A special color camera 
will be pointed out one of the two 
portholes to record the view. Another 
camera will look through the pilot’s 
periscope while a third will record in- 
strument panel readings. Special in- 
struments have been installed to record 
vibration, accelerations and tempera- 
ture. 


HISTORY OF MERCURY-ATLAS SHOTS 


17 launches have been made carry- 
ing the Mercury capsule on a variety of 
launch vehicles. These include test 
launches, suborbital flights, and three 
Mercury-Atlas launches leading to an 
orbital flight. 

MA-l, July 29, 1960. This was the 
first Atlas-boosted flight, and was 


aimed at qualifying the capsule under 
maximum airloads and _afterbody 
heating rate during re-entry conditions. 
Capsule contained no escape system 
and no test subject. Shot was unsuc- 
cessful because of booster system 
malfunction. 

MA-2, Feb. 21, 1961. This Atlas 
booster shot was to check maximum 
heating and its effect during the worst 
re-entry design conditions. Peak alti 
tude was 108 miles; re-entry angle was 
higher than planned and the heating 
was correspondingly worse than antici- 
pated. Shot was successful. 

MA-3, April 25, 1961. This was an 
Atlas-boosted shot attempting to orbit 
the capsule with a “crewman” simu- 
lator aboard. 40 sec after launch, the 
booster was destroyed by radio com- 
mand. The capsule was recovered and 


will be fired again. * 


Electrochemical cells 
act as memory units 


San Franctsco—The forerunner of a 
family of computers, neither analog 
nor digital, trained 
rather than programmed, highlighted 
a recent conference at Stanford Uni- 


versitv. Dr Bernard Widrow demon- 


which can be 


strated the Adaptive Linear Classifica 
tion machine, ADALINE, which has 
an associative memory permitting ab- 
straction of previous experiences Stor- 
age of information is in a diffuse, 
rather than a specific manner. 

Within 10 years, Dr Widrow be 
lieves, the principle could lead to a 
true intelligent computer. His reason- 
ing: ADALINE’s actions and reactions 
are grossly similar to those psycholog- 
ical processes which take place in the 
human brain. 

Basic component of the machine is 
the “‘memistor’, an electrochemical 
cell less than an inch in length. Its 
“memory” is its resistivity, which can 
be varied and reset quickly and at the 
will of the operator. 

Resistivity is varied by electroplating 
copper on a thin glass connecting rod 
which is coated with tin oxide. Thick- 
ness of the copper coating determines 
resistance of the component. A mix- 
ture of copper sulfate and hydrochloric 
acid constitutes the electrolyte; a thin 


engineering news continued on page 6 
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copper rod supplies the metal for the 
plating operation. 

Each memistor has a conductivity 
range of about 100 to 1; that is, re- 
sistance can be increased or decreased 
with infinite resolution to a_ useful 
point 100 times greater than minimum 
or less than maximum. A 2-milliamp 
current can put a memistor through an 
entire conductivity change in 15 
seconds. 

In an ADALINE unit, 16 memis- 
tors are linked to 16 inputs and to a 
single output. The output is set as a 
discrete integer, plus or minus. The 
operator sets the response, plus or 
minus, for any given arrangement of 
inputs, and creates the response the 
first time by varving the resistance of 
the memistors involved so the sum 
conductivity adds up to plus or minus 
one, 

If the desired response to subsequent 
input patterns tends to weaken or re 
verse the original pattern-response 
combination, the original response can 
be reinforced by further exercising the 
conductivity range of appropriate 
memiustors. 

Through repetitive training a single 
ADALINE unit can distinguish among 
several geometric patterns, even highly 
similar ones, and can even demonstrate 
relatively simple generalizations or ex- 
trapolations. Thus, an incomplete or 
transposed pattern can produce an ac- 
curate response even though that 
particular pattern had never been 
“taught” to the machine before. 


EXPANDED MEMORY UNDER DEVELOPMENT 

Dr Widrow is currently developing 
MADALINE, an acronym for “Many 
ADALINEs.” In_ its early stages 
MADALINE will consist of five ADA- 
LINEs, with each battery of 16 mem- 
istors being fed into each of the other 
four units. Ultimately it is hoped that 
14 discrete responses will be possible, 
ranging from —7 to +7, not counting 
zero, 

Stanford has signed a contract with 
IBM to experiment with MADALINE 
tied to a 1620 computer. Computer's 
core memory could act as a “cold 
storage” for thousands of patterns 
“learned” by the machine. Possible ap- 
plications: solving multi-stage decision 
problems such as air photo interpreta- 
tion; translating writing to speech and 
vice versa; visual identification and 
classification of objects. 

—D. Winston, San Francisco Bureau 


JiC standards to 
have new sponsor 


Mitwaukree — The National Fluid 
Power Association may become the 
sponsoring body for JIC hydraulic and 
pneumatic standards, according to 
NFPA president William C. Richards, 
Jr. Details of a transfer of sponsorship 
have not yet been completed, how- 
ever, NFPA officials are negotiating 
with spokesmen for the automotive 
industry. They intend to invite the 
participation of other organizations 
which have an interest in standards re- 
lated to the fluid-power field. 

Purpose of the decision, Richards 
said, is to have the hydraulic and pneu- 
matic recommendations become an 
ASA standard. Joint Industry Confer- 
ence hydraulic and pneumatic recom 
mendations were initiated by the 
automotive industry some 14 years ago, 
and have become generally accepted by 
American hydraulic and pneumatic 
equipment makers and _ users. 

NFPA is also establishing a com- 
mittee to work with the American 
Standards Association, the Interna 
tional Standards Association, and other 
agencies concerned, on recommended 
fluid-power standards. * 


Metal fatigue cause of 
compressor failure 


TuLLAHOMA, TENN. — An investigat- 
ing team reported that metal fatigue 
apparently caused the multimillion- 
dollar breakdown of one of Amold 
Engineering Center’s wind tunnels. 
The accident occurred last month dur- 
ing the testing of a Titan component. 

The report is based on a prelimi- 
nary investigation, an Arnold spokes- 
man emphasized, and further studs 
is needed to pinpoint the specific 
cause and amount of damages. But it 


appears that metal fatigue in the 
hub of a compressor blade caused the 
failure. 

The breakdown came with a large 
blast which Amold personnel said re- 
sembled the noise of an earthquake. 
Some of the huge blades broke loose. 
Teardown of the compressor is under 
the direction of the Air Force and 
ARO Inc, a private concern, under 
contract to the government. ‘Tear- 
down of the 225 ton compressor with 
its 92 six-foot-long, stainless _ steel 
blades, which weigh 1200 Ib each, will 
take several weeks. Until this is fin- 
ished an estimate of damages and the 
time required to put the facilitv back 
into operation can not be made. 
—Edward Freeman, Nashville Bureau 


India plans 
industrial fair 


New Derui—tThe largest interna- 
tional fair ever held in Asia will get 
under way here next November. The 
six-week industrial mart will include 
a comprehensive display of Indian 
made machinery and consumer goods 
as well as exhibits by the US, UK, 
West Germany, Yugoslavia, East 
Germany, Czechoslovakia, Poland, the 
Soviet Union, Japan, and _ other 
countries. 

About 1/3 of India’s allotted space 
will be taken by state-owned enter- 
prises to show such products as air- 
craft, electronic equipment, radios, 
telephones and tractors. Another third 
will be taken by Indian states and the 
remainder by private companies here. 

The largest pavilion in the interna- 
tional section will be the US. The 
Soviet’s will be the next largest. Fair 
organizers are urging foreign exhibi- 
tors to bring equipment that is con- 
sidered essential to Indian develop- 
ment plans and that, say government 
officials, can be purchased by India 
at the close of the fair. 

—Sharokh Sabavala, Bombay Bureau 


Skim ming along the water on three points, this hydroplane hit 230 mph in speed 


trails. 


The 313-ft craft is constructed of aluminum and weighs 5800 lb. 


Powered by a J-35 Allison turbo-jet engine, its designer believes it will surpass 
the present 260 mph record set by England’s Donald Campbell. 
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WHAT’S HAPPENING IN RESEARCH 





British tell how to 


design out noise 

In gears and bearings, the relation- 
ship between load and noise is not 
nearly as straightforward as it might 
seem, and a good many cherished 
theories on noise seem to need re- 
examination. That’s the gist of a series 
of British reports presented at the 
National Physical Laboratory’s Con- 
ference on Control of Noise at Ted- 
dington (Middlesex). 

In regard to load, for instance, G. 
Berry of National Engineering Lab 
says that, at lower speeds the noise 
in the tooth contact frequency region 
does increase with load. But at higher 
speeds noise decreases with the ap- 
plied load. Furthermore, he says, the 
noise generated by a pair of gears is 
distributed over a wide spectrum, not 
concentrated simply at tooth contact 
frequency. There may be strong con- 
tributions to noise at frequencies well 
above that of tooth contact. As a 
matter of fact, the noise at twice tooth 
contact frequency is often found to 
be more powerful than that at the 
tooth contact frequency. 

For bearings, too, some long-held 
theories are being challenged. Berry 
says diametral clearance is of minor 
importance as a noise-producer at all 
but the lowest speeds. Errors in track 
circularity also seem to have little 
effect; and even a marked deteriora- 
tion in ball and track surfaces does 
not seem to produce any significant 
change in noise. Variations in ball 
sphericity are important, though. 
Berry terms this “the greatest single 
factor contributing to bearing noise.” 


Package testers tested 

From a Packaging Institute study of 
bulge and compression testing comes 
information useful to both equipment 
users and designers. 

More than a dozen different types 
of equipment are now in use for 
measuring the effects of internal and 
external forces on containers, But, 
savs PI, “while instruments are now 
available which reputedly measure a 
folding carton’s resistance to compres- 
sion, no instruments are generally 
available specifically for bulge testing.” 

Among the instruments now used 
for compression testing are the LAB 
Vibration Tester, Olsen Universal Ma- 
chine, Baldwin Universal Platen Com- 
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pression Tester, P & G Bulge Tester, 
Taber Stiffness Tester, Instron Com- 
pression Tester, the Mullen machine, 
and the National Forge Compression 
Tester. Of these, the National Forge 
unit seems to be the most widely 
used. Of 33 companies questioned, 13 
reported its use. None of the other 
machines was mentioned by more 
than 2. 

The PI bulge and compression test 
committee now plans further studies 
of the National and Instron machines 
with the aim of developing standard- 
ized test specifications, and hopes to 
spur development of a bulge tester. 

A copy of the committee’s three- 
page typed survey report may be ob- 
tained by non-makers for $1.00 from 
Packaging Institute, 342 Madison Ave, 
New York 16. 


briefs... 


Strength of pyrolitic graphite can be 
increased by pre-straining at 5000 F, 
Jet Propulsion Lab reports. Ordinary 
graphite has a maximum in_ its 
strength-temperature curve at 4500 F. 
Pyrolitic graphite does not; and in- 
creasing the strain rate in samples held 
at 5000 F has no appreciable effect on 


atmosphere = 


ultimate strength (though elongation 
drops from about 38% to 12% ). But, 
JPL savs, prestraining at 5000 F does 
vield a material which is “several times 
stronger” than material which has not 
been prestrained. 


New pressure unit, the torr, is being 
adopted in Britain. Named for pio 
neer physicist Torricelli, the torr 1s 
equivalent to 1 mm Hg (760 torr ] 
760 mm Hg). This sets 
“vacuum” at 1 torr. High vacuum is 
generally considered to start at 10 

torr, and ultrahigh vacuum at 10 

torr. Though, as G. Lewin points out 
in Imperial Chemical Industries’ En- 
deavor, “ultrahigh vacuum” is often 
loosely applied to the 10° torr range. 


Electrorefined molybdenum, compar- 
able in purity and performance to 
hvdrogen-reduced commercial pow- 
ders, has been produced at Bureau of 


Mines Reno lab. 


simpler than the 


The technique is 
much hydrogen 
process. There is no roasting or oxide 
purification, and an open graphite cell, 
without protective atmosphere can be 
used. More work is needed to scale 
it up from laboratory to pilot plant. 
But, the 


mustic. 


Bureau is decidedly opti- 


—ARG 





Twinned viewing at low cost 


STEREO MICROSCOPE with 3-in. working distance, erect image exposure, 
and helical rack-and-pinion focusing, is being introduced by Edmund Scientific 


Co. The unit has standard Kellner 10X eyepieces (23 and 40 power), comes with 
choice of sand-and-particle reticle (above left) or standard comparator reticle. 
Additional eyepieces may also be obtained. Price $109.50. 





DEVELOPMENTS TO WATCH 





These coatings combine chemical and optical stability 
Inorganic coating systems that can be applied like paint to aluminum, magnesium, and 
beryllium to provide a high degree of vacuum stability, thermal stability, radiation 
resistance and erosion resistance are described by M. E. Sibert of Lockheed Missiles and 
Space Div. 

These are silicate glass systems, and Sibert says, they stand temperatures at least to 
930 F and thermal cycling over a wide range, and show a high order of ultraviolet 
radiation resistance and solar absorptivity. Adhesion to aluminum and coated magnesium 
is excellent; to aluminum alloys, fair to good. 

In a report prepared for delivery to the ACS Div of Organic Coatings and Plastics 
Chemistry this week, Sibert suggests that the coatings should be especially valuable 
for thermal control applications on space vehicles. 


Progress report on elastic plastics 
lhe olefin elastomers that may someday present natural rubber with its greatest challenge 
(PE—Apr 17, p9) are now receiving intensive investigation on both sides of the Atlantic, 
and their major hurdle—a satisfactory vulcanizing system—may soon be cleared. 

At the American Chemical Society’s Div of Petroleum Chemistry representatives 
of the Italian Institute of Industrial Chemistry (Milan) and US researchers from 
Esso, Hercules Powder, US Rubber, Du Pont, and Shell Development described new 
vulcanizing systems that not only work for these new ethylene-propylene rubbers but 
show promise for natural rubber as well. 

The Italians, for instance, told of cross-linking with inorganic halides that produces 
both gum and filled stocks with higher tensile strength, and greater abrasion and cut- 
resistance. 

US researchers from Hercules Power and US Rubber described peroxide and metal- 
organic halide systems that also show considerable promise for improving both process- 
ing characteristics and physical properties. And Du Pont chemists told of new olefin 
copolymer combinations that produce reinforced vulcanizates with “excellent electrical 
and low-temperature properties.” None of these materials is commercial now, but 
they're well on their way. 


Thermocouple for moving surfaces designed in Britain 
A thermocouple that can measure temperatures of high-speed cylinders—rollers moving 
at speeds to 2000 fpm, for instance—and do it without direct contact between instru- 
ment and cylinder has been designed by Cambridge Instrument Co, Ltd of London. 

The new unit does involve physical contact; but the contact is between the moving 
surface and a phosphor bronze strip in which a hole has been drilled, to create an 
air pocket. The thermocouple is a copper disk that rides on the outside of this pocket 
and senses the temperature of the entrapped air. 

Since the air pocket is small; and the movement of the surface creates a good deal of 
turbulence, the air temperature quickly reaches that of the moving surface, and the air 
temperature, as measured by the thermocouple, becomes an accurate indication of the 
temperature of the cylinder. CI says response time for the unit (to reach 99% of final 
value) is about 14 min; and errors (as compared to total immersion readings) at 212 F do 
not exceed + 3.6 F. 





Disk thermocouple 
/nsulating materia/ 
Air pocket 


ed 
zm 


Moving 
“Phosphor -bronze surface 
x Strip 











NEW PYROMETER is basically a wheeled cradle with a heat-sensitive element sprung 
beneath it on phosphor-bronze strip. When cradle is held against moving cylinder, 
phosphor bronze strip conforms to cylinder shape, sealing off air pocket, whose tempera- 
ture is then measured. 
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Titanium production processes improved 


Advances in titanium technology are making it possible to produce ingot and sheet by 
large-scale, commercial-type processes that compare favorably with that previously made 
only by small-scale laboratory-type methods: 

Using both sodium reduction and electrorefining processes, Bureau of Mines Boulder 
City lab has turned out metal that has a purity which “compares favorably with that 
of iodide titanium,” shows similar tensile and yield strengths, and does not work- 
harden excessively. Tensile strength in the annealed condition is about 40,000 psi. This 
increases to about 80,000 psi at 40% reduction, while hardness increases from the 60-70 
Bhn range to about 160. At this point elongation (in 1 in.) is still close to 124%. 

The initial strength values are well below those of the commercial 75-A alloy; but, 
the Bureau says, strength of the metal it is producing increases rapidly with cold- 
working, while the commercial metal does not, so that strength of the new material 
approaches the commercial alloy at reductions greater than 40%. 


Components for portable reactors being evaluated 


An extensive component and system evaluation program is soon to be initiated by 
Army and AEC, looking toward development of a truly mobile nuclear power plant— 
one that can be transported by Army Overland Train and put to work immediately. 
(Present-day “‘portable” reactors take 90 days or more to set up.) 

The reactor system will be a single-loop liquid-metal-cooled unit, operating on a 
nonthermal neutron spectrum and coupled to an open Brayton cycle power-conversion 
system. 

A technical feasibility study of an “Energy Depot System” is also under way. This 
would be a highly mobile nuclear source of power which would charge compact energ) 
conversion-storage devices (conventional batteries or fuel cells) which could then be 
mounted on vehicles to furnish propulsive power, or on mobile equipment to furnish 
electric power. By this indirect application of nuclear power, AEC and Army hope, 
the tremendous energy potential of nuclear energy can be utilized in applications which 
would not permit the direct installation of a reactor system. 

AEC’s Div of Reactor Development is coordinating the work, expects to sign com- 
ponent contracts soon, and hopes to have a pilot plant in operation by 1965. 


Fuel cells for domestic heating? 


Can fuel cells be adapted for home heating? C. G. von Fredersdorff of Institute of Gas 
Technology thinks they can. He’s made a study of molten-carbonate fuel-cell systems 
using gas fuel and estimates that such a system would be feasible in high-power-cost areas 
if investment cost could be held to $300/kw. 

Domestic electric appliance load factors, he notes, may range from 15 to 20%, but 
the fuel-cell load factor can be much higher by interposing lead-acid storage batteries. 
This permits a considerable reduction in power-pack size, and should compensate for the 
electrical loss and added cost of the storage system. Waste-heat recovery for water heating 
or other use can improve the economic picture still further. 

On this basis, he believes, such a system well deserves further study. 


More strength and workability for small instrument magnets 


A platinum-cobalt alloy that combines “outstanding magnetic properties” with good 
workability is reported by Johnson, Matthey & Co Ltd of England. 

lest samples show a coercive force (Hc) on the order of 4800 oersteds, a miximum 
energy product (BH max) of 9.2 x 10° gauss-oersteds, and a remanence (B,) of 6400 
gauss. Curie point is about 930 F, and the alloy can be used at temperatures at least to 
500 F with no permanent damage to magnetic properties. 

In addition to potential applications in watches, hearing aids, miniature relays, and 
stereo pickups, the unusual corrosion resistance of the alloy (it will even stand 
p.vionged immersion in hot concentrated sulfuric acid) suggests uses in pumping and 
metering devices. 

As might be expected from its composition the new alloy (Platinax II) is far from 
inexpensive. But, says R. A. Mintern of JM, its workability (it can be machined, rolled, 
and drawn in the annealed condition) goes a long way to compensate for its high 
intrinsic cost and makes it well worth considering where small shaped, wire, or disk 
magnets are needed. —ARG 
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Volkswagen 


designs a new 


New Yorx—After 16 years of produc- 
ing a single body stvle VW has added 
a completely new car to its line. The 
well known “beetle” will continue in 
production while the new model, 
VW-1500, will be produced for sale 
in Europe and Canada but not in the 
USA. Primary reason for the change 
is the rising European economy which 
has produced a growing market for 
a bigger car with more sophisticated 
styling. Helping this happy situation 
along VW recently announced a 5% 
pay raise for all emploves. 

When viewed alone the 1500 looks 
much larger than the “beetle” but 
when placed side by side the two cars 
are strikingly similar in size. Actually 
the new model is 6.3 in. longer, 2.6 
in. wider and 265 lb heavier but its 
wheelbase is identical to the older car 
94.5 in. 

¢ Instrument cluster includes a gas 
gage (an accessory on the old model), 
speedometer, clock and _ oil-pressure 
and generator-warning lights. Push- 
buttons with symbols control head- 
lights, windshield washer and wipers. 
Heater and ventilator controls to the 
right are vertically sliding buttons. 


one 


Fuse panel is above driver’s left knee. 
With door open, knob on door jam 
permits driver to release trunk latch 
without leaving his seat so service- 
station attendants can reach oil-level 
dip stick on the rear trunk lip. Front 
seat backs are locked when the doors 
are closed so they can’t swing forward 
in short stops. Belt mountings are 
provided for all four passengers. 

¢ Front suspension has parallel trail- 
ing arms and crossed torsion bars con- 
nected to the lower arms. Double- 
acting hydraulic shock absorbers are 
mounted between the lower arm and 
the suspension subassembly and rub- 
ber bump stops limit wheel travel. 


retains the swing 


Rear suspension 
axle, single trailing arm and hydraulic 
shocks of the old model. 

¢ Tucking the engine under the 
trunk floor results in the only car in 
existence with a trunk at both ends. 
The VW 
enough to take advantage of space 
Engine capacity 


“suitcase engine’ is small 


not normally used. 
has been increased to 1500 cc and 
power is up from 40 to 53 bhp. The 
flat-four engine is accessible by raising 
a hatch in the floor of the rear trunk. 
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An oil-level dip stick and filler on the 
rear trunk lip permit the oil to be 
checked and filled without lifting the 
engine access hatch. 
Cutaway of the engine shows how 

the low profile is achieved. Space- a pe 

; ; ; pee Cen : 166.3 in. 160.0 in. 
consuming vertical fan housing at the inn _. as 94 5 in. 94 Sin, 
front of the engine is replaced by a Width..... am 63.2 in. 60 6 in. 
two-stage blower on the crankshaft. Track Front ; ee —_ 51.4 in. 51.4 in. 
A single muffler with a separate ex- _  Rear..........-.-. 53.0 in. 50.7 in. 
haust connection for each cylinder Height we 36.1 ” 9 0 in. 
Ground clearance : ‘ 5.9 in. 6.0 in. 
discharges through a central tailpipe Weight... tar 1896 Ib 1631 Ib 
and silencer. The rear cylinders ex- Tires... 6.25x15 5.60x15 


Hip Room Front ; ; 53.5 in. 48 in. 
Rear 1 53.5 in. 51.5 in. 


Engine (Flat-four, air-cooled, rear-mounted, 
changer before reaching the muffler. horizontally opposed) 
Ihe heat exchanger is used for pas Bore... eben ‘ieee 3.3 in. 3.03 in. 
senger compartment heating and de- Stroke vee seve 2.7 in. 2.52 in. 
frosting during winter months. Air Displacement. . . ... 91 OF @ in. 72.70 a0 &. 
f he secede Hoes te daa i ; Compression ratio : 7.2tol 7 to 1 
rom the cooling fan is ducte through gE _ 53 bhp @ 4000 rpm 40 @ 3900 rpm 
the exchanger for positive flow. Electrical system. ...... é6¥ é¥ 

—J. J. Kelleher, associate editor 





haust directly while the front cylinder 
exhaust gases pass through a heat ex- 
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SIGNIFICANT COMPONENTS, 


MATERIALS, 


PROCESSES 











Cold drawn worm gear coils 
are forced onto shafts of motors, gear 
reducers and other types of components. 
Suitable where worm gear is required in 
speed reducing applications and expected 
to be approx half the cost of cut gear 
teeth per unit length. One or more coils 
can be assembled on a shaft. Coil com- 
ponents are made through a succession 
of cold forming operations on high speed 
machines. Shaft and coil components then 
are assembled to complete the worm at 
a rate of 600 to 1200 per hr, using spe- 
cial tools and fixtures. Require no set 
screws, pins, keys or adhesives. Can be 
made single or double thread, right or 
left hand. Pitches range from 64 to 12; 
pressure angles, 144 to 30°; and shaft 
diameters, 4 to 4 in. Standard material 
is steel. Tolerances are comparable to ma- 
chined gear teeth. For example, a worm 
with 48 diametral pitch, 20° pressure 
angle, single lead on a ,-in. dia shaft 
has lead error of 0.0002 in. per convolu- 
tion, pitch-line run-out of 0.0003 in. and 
tooth form within 0.0002 in. Some sizes 
from stock; delivery on other sizes within 
30 to 40 days after specifications are re- 
Ulrich Bros Inc, 2923 Agnes, 
Corpus Christi, Tex. 

Write 1 on Reader Service Card 


ceived. 


Quarter-turn fastener . . . 

is a one-piece, spring steel unit that is in- 
serted into prepared hole in a panel, then 
locked and unlocked by pressing firmly 


12 


Ne 


LH 


lyes 
Zz 


KG 


with fingers and rotating 90° in either 
direction. Said to be much lighter and 
lower in cost than existing quarter-turn 
fasteners, and to be self-retaining in the 
outer panel, avoiding displacement when 
assembly is opened. Barrel shank keeps 
fastener centered in hole and adds shear 
resistance. Palnut Co, Div of United-Carr 
Fastener Corp, 61 Glen Rd, Mountain- 
side, NJ. 

Write 2 on Reader Service Card 


Ball joints and pivots... . 

are low-cost linkage joints with hollow 
stud construction said to result in much 
lower stresses at critical points and to give 
units higher load capacities. Sizes run 
from miniature, used on instruments and 
typewriter linkages to larger types, used 
on heavy machinery, automobile steering 
joints and ball suspensions. From stock: 
Type A, an adjustable spring ball joint, 
and its sealed version, Type AS, in four 
sizes—# 8-32, #10-32, 4 in.-28, ¥& in.-24, 
either right-or left-hand thread, all with 
»il impregnated bronze bearings; Type J, 
a spring ball joint, its sealed version, Type 
JS, its unsealed version without springs, 
Type H, and its sealed version without 
springs, Type HS, in three sizes—# 8-32, 


# 10-32, 4 in.-28, either right- or left-hand 
thread. Delivery on most types in 6 to 5 
wk. Typical prices include 47¢ to 99¢ 
each for Type A ball joints and 19¢ to 
32.7¢ each for Type H joints. Link-Age 
Corp, Box 92, East Station, Yonkers, NY. 

Write 3 on Reader Service Card 


Pressure blanking valve .. . 
allows a pressure sensing device, such as a 
transducer, to function during a circuit's 
low pressure operation while blanking it off 
at system pressures higher than the sensing 
device can withstand. Provides instantane 
ous response to system pressures above 
preset point. Closing pressures from 8 to 
300 psi are available, while designs can be 
supplied to withstand system pressures to 
6000 psi. The atmospherically referenced 
valve, suitable for temperatures from —65 
to 160 F, is made of anodized aluminum 
and weighs 0.23 Ib. James, Pond & Clark 
Inc, 2181 E Foothill Blvd, Pasadena, Calif. 

Write 4 on Reader Service Card 


Polypropylene polymers . . . 
include two impact grades, 3116 and 3316, 
for injection molding; extra high impact 
grade 3411, a sheet grade polymer; and 
super high impact grade 3211 for blow 
molding. All are said to have higher im 
pact strength at room temperature than 
general purpose polypropylene. In case 
of grade 3211, impact strength is retained 
at temperature as low as —10 F. Resin 
color, a translucent white, also is reported 
to be superior to currently available im- 
pact polypropylenes. Grade 3116 is priced 
at 44¢ per Ib; other three grades, 45¢ per 
lb. AviSun Corp, 1345 Chestnut St, Phila- 
delphia 7. 

Write 5 on Reader Service Card 


Displacement transducer . . . 
for precise measurement of small displace- 
ments, has a stepped-up temperature range 
to 300 F (Class F). Teflon-insulated leads 
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are anchored in epoxy resin, while mag- 
netic shield and core are heavily plated 
with dull hard chromium. Said to have 
excellent shock and vibration resistance. 
Ranges are +0.005 in. to +0.250 in. 
Small quantities from stock in four OD-ID 
size ratios. United Aero Products Corp, 
Columbus Rd, Burlington, NJ. 

Write 6 on Reader Service Card 


Motor-driven piston pump .. . 
is 9-Ib, 2-cylinder unit that operates at 
pressures up to 500 Ib and handles wide 
variety of solutions and suspension-type 
chemicals. Sizes include 2 and 3 gpm at 
max speed of 1800 rpm. Ports are tapped 
4-in. NPT; stainless steel shaft is 3 in. dia 
with keyway. Two heavy-duty sealed ball 
bearings support stainless steel drive shaft 
Larger volume models operate at speeds 
to 600 rpm with output of 10 and 6 gpm; 
weigh 15 Ib; and have 3-in. NPT ports. 
Hypro Engineering Inc, 700 39th Ave NE, 
Minneapolis 21. 

Write 7 on Reader Service Card 


Hydraulic gear pumps... 
adaptable to large mobile and off-highway 
equipment, are rated 40 to 95 gpm at 1800 
rpm and are for fluid power systems to 
2000 and 2500 psi and operating speeds to 
2800 rpm. Available with standard SAE 
mountings. Hydreco Div, New York Air 
Brake Co, 9000 E Michigan Ave, Kala- 
mazoo, Mich. 

Write 8 on Reader Service Card 


Clear adhesive .. . 
is a synthetic resin-based adhesive that pre- 
vents solvent reaction by plasticizer migra- 
tion and is non-staining on even lightest 
colored vinyls. Bonds vinyl to vinyl or 
vinyl] to metal. On a two-surface coat appli 
cation, drying time before bonding varies 
from a few to 30 min. In some instances, a 
one-surface coat can be used to produce a 
strong bond. Can be applied by brush, 
spray or roller. United States Rubber Co, 
Adhesives and Coatings Dept, Mishawaka, 
Ind. 

Write 9 on Reader Service Card 
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Permanent magnet 
gearmotor . 
delivers up to 35 oz-in. torque continuous 
duty in a package with a frontal area as 
small as is sq in. End-mounted reducer 
provides 62 7.88:1 to 
25,573.65:1, while side-mounted reducer 
provides choice of 27 ratios from 26.93:1 
to 2511.84:1. Former, plus motor, meas- 
ures 7 x § x 33 in. max length, depend- 
ing on ratio chosen. Latter, plus motor, 
Typical 


ratios from 


measures § x § xX 24 in. long. 
weight of both models is 2.5 oz. Spur 
gear system uses case hardened gears on 
hardened stainless steel shaft. Motor has 
13 standard armatures for up to 50 v de, is 
rated 0.0025 hp at 8000 to 17,000 rpm. 
Globe Industries Inc, 1784 Stanley Ave, 
Dayton 4, Ohio. 

Write 10 on Reader Service Card 


Vinyl surfacing material .. . 
for decorative wear use over metal, wood, 
fiberglass-reinforced polyester and other 
sub-surfaces, is offered in suede, knobby 
and striated embossed textures, 20 colors 
and 0.030- and 0.040-in. gages. Material is 
flexible, easily bonded, resistant to fading, 
most stains, mold and mildew. Available in 
lengths up to 105 lineal ft, 54 in. wide. 
Can be split to desired widths. Armstrong 
Cork Co, Lancaster, Penna. 

Write 11 on Reader Service Card 


One-part adhesive .. . 

which requires no mixing prior to use, 
reportedly has rubbery qualities and ease 
of application of rubber-based adhesives, 
plus qualities of epoxy adhesives. Contains 
neither water nor solvents and is 100% 
solids. Said to be waterproof and resistant 
to acids and alkalies and to adhere to al- 
most any surface, including some grades of 
polyethylene. Suitable for laminating poly- 


polyethylene 
Also can be 


styrene, polyurethane and 
foams to aluminum, steel, etc 
used as a caulking compound or waterproof 
sealer. Remains permanently flexible and is 
effective at temperatures from —80 to 
250 F. Eliminates waste resulting from 
use of two-part adhesives which have to be 
discarded if not consumed after mixing 
Available in 1-, 5- and 55-gal. containers 
Rubba Inc, 1015 E 173rd St, New York 
60. 

Write 12 on Reader Service Card 


Steel spacer bushings... 

range in size from @ to 8 in. ID and ¥ to 
94 in. OD 
Recommended for spacing components 


Lengths are from 4 to 3 in 


such as gears and for providing smooth 
hardened sections on shafts and in hous 
ings as guide bushings and surfaces for 
positioning bearings and seals. Detroit Ball 
Bearing Co, 110 W Alexandrine, Detroit. 

Write 13 on Reader Service Card 


Machine drive .. . 
for fast start-stop cycling, uses 
energy to take peak loads up to 10 times 


“stored” 


its rated capacity, permitting motor sizing 
to be based on average power requirements 
instead of peak load needs. Drive’s axial 
1ir gap motor (weighing 30% less than a 
conventional motor) has a constantly rotat 
ing heavy-duty rotor which achieves a fly 
wheel effect to store kinetic energy until 
called upon to furnish extra power. As 
load decreases to normal level, rotor re- 
places its expended energy reservoir for 
next cyclic peak. An integral clutch brake 
coupling, actuated by electrical magnets, 
provides start-stop power to driven mech 
anism through alternate engagement and 
disengagement. Attains top speed almost 
Automatic 
output shaft by brake after deceleration 


instantaneously. clamping of 
prevents coasting. Adjustable cycle timing 
can be achieved by actuating clutch for 
each cycle through a time delay relay and 
applying brake by use of a position indicat- 
ing switch on driven portion of machine. 
Through rheostats, unit can be adjusted 


continued on page 14 


13 





COMPONENTS + MATERIALS + PROCESSES 


for slip clutch use in web tension controls, 
unwind and re-wind coil stock stands and 
other applications requiring simultaneous 
engagement of clutch and brake. Drive is 
available with hp ratings of from 4 to *% 
and with either 1200, 1800 or 3600 rpm. 
Also available with double enveloping 
worm speed reducers with ratios from 15:1 
to 60:1. Ferguson Machine Co, 7818 
Maplewood Industrial Ct, St Louis 17. 
Write 14 on Reader Service Card 


Bi-metal thermostat .. . 
designed to act as a thermal safety switch, 
is a fixed setting unit with single pole, 
single wire controls. Contacts open with a 
rise in temperature. Useful operating range 
is from 70 to 600 F. Has ceramic body, 
push-on lugs and fine silver contacts. Ter 
minals can be set at any angle according 
to specifications. American Thermostat 
Corp, South Cairo, NY. 

Write 15 on Reader Service Card 


Explosionproof air valves .. . 
are solenoid operated, 3- and 4-way units 
rated for 1000 cycles per min. continuous 
duty and at 150-psi air service. Available 
in }- to }-in. pipe sizes; 4-in. NPT conduit 
connections. High cycling speed and valve 
endurance are said to be directly related. 
Short (2 
duces coil heating, with coil life guaran 
teed for a min of 100 million cycles. Fric 
tion reduction in pilot valve is accom 
plished by use of a small ball which seats 
on O-rings at both ends of pilot cartridge 
Ball moves freely, independent of seals 


in.) plunger stroke greatly re- 


here is no O-ring drag on pilot plunger 
because it requires no seals. Similarly, main 
valve seats seal on O-rings. In sealed posi 
tion, metal shoulders take shock in such a 
way that O-ring seal is touched only gently 
by main valve seat. Barksdale Valves, 5125 
Alcoa Ave, Los Angeles 58. 

Write 16 on Reader Service Card 


Plastic liquid dashpots . . . 

ire precision molded shock absorbers in 
corporating step tubular design for rigidity 
under high loads (eliminates small weak 
diameter piston rods). Available in 66 
single or double action models that absorb 
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energy from 1 to 886,000 in.-lb. Smallest 
model is 14 in. long x 4 in. dia, while 
largest is 70 in. long x 84 in. dia. Have 
20,000-psi pressure seals. Taylor Devices 
Inc, 200 Michigan Ave, North Tonawanda, 
NY. 

Write 17 on Reader Service Card 


In-line gage saver... 
for use in hydraulic, fuel or pneumatic sys 
tems, automatically stops flow to gage at 
excess pressures. Fully adjustable from 50) 
to 5000 psi, valve is machined from 
hexagon stock and measures 2 in. long, 
including 4-14 NPT (male) connections at 
each end. From stock at $7.95 each in alu 
minum and $9.95 each in stainless steel 
Fisher Controls Inc, 1754 22nd St, Santa 
Monica, Calif. 

Write 18 on Reader Service Card 


Hydraulic line filter .. . 
has built-in pressure gage that signals need 
for service. Full-flow filter is 4-gal. size 
with 14-in. NPTF ports at inlet and outlet 
Can be installed in either suction line (be 
tween tank and pump) or return line (be 
tween control valve outlet and tank). Fil 
ter element can be either a reuseable, 200 
sq-in., 100-mesh (140-micron) monel wire 
cloth element or one of two interchange 
able, disposable, 1400-sq-in., phenol treated 
paper elements of 10- or 33-micron poros 
ity. Operating temperature of filter is —65 
to 300 F and max operating pressure is 100 
psi. With wire-cloth element, filter passes 
up to 60 gpm with a pressure drop of only 
5 psi. Gresen Mfg Co, 405 35th Ave NE, 
Minneapolis 18. 

Write 19 on Reader Service Card 


Instrument bearings . . . 
have thin cross sections that permit extra- 
large bore-to-OD _ ratios—0.3750/0.6250 
in.; 0.5000/0.7500 in.; 0.6250/0.8750 
in.; and 0.7500/1.000 in. Ratios are said 
to allow shaft-to-housing relationships not 
possible with other bearings. Widths are 
standard at 0.1562 in.; material is 440C 
stainless steel; retainers are plastic crown 
design with lubricant absorption proper- 
ties. Made to ABEC Class 5 and better 
precision standards. New Hampshire Ball 
Bearings Inc, Rt 202, Peterborough, NH. 
Write 20 on Reader Service Card 


3000-psi selector valve .. . 

is said to be in spool valve price range 
There reportedly is no internal leakage in 
indexed positions and little during port 
selection. Includes pressure-loaded seals 
and balanced valving disk. Seals, on both 
sides of valving disk, act against each 
other, balancing disk so there is no thrust 


in either direction. As a_ result, disk 
“floats” in its chamber, making turning 
easy. Optically flat surfaces are said to 
result in perfect sealing. Max working 
pressures are 3000 psi for oil service and 
2000 psi for lubricated air service. Sizes 
range from } to 1 in., with side portings 
of internal pipe or internal straight tube 
threads, 2-way, 4-way closed center and 
4-way open cent»rt. Made of aluminum 
alloy with stainless steel seals. Republic 
Mfg Co, 15655 Brookpark Rd, Cleveland 
35. 

Write 21 on Reader Service Card 


Solenoid-release switchlight 
push-on, — push-off 


switch but can be electrically released from 


operates as regular 


Built-in coil is not con 
Switch is actuated 


remote position 
tinuously energized 
by pressing pushbutton in and released by 
pressing pushbutton in again or by mo 
mentarily energizing coil from a remote 
position (as pushbutton returns to free 
position, coil is at tomatically discon 
nected Available m 14 circuit types up 
to 4PST and 2PDT. Switch is rated 25 \ 
de, 125 v ac up to 2 amp resistive. Coils 
are available at 6, 12 and 28 v (3.6, 9 and 
50 ohm). Can have either push-on, push 
off or push-on, remain depressed, push-off 
plunger action. Lamp circuit is independ 
ent, uses T-1} lamps. Complete envelope 
is 2% in. long; case diameter, 7 in.; mount 
ing hole, # in. Pendar Inc, 14744 Ar- 
minta St, Van Nuys, Calif. 

Write 22 on Reader Service Card 


Hydraulic power packages... 
have tank sizes of 10, 20, 40 and 80 gal 
Each package contains an electric motor 
(sizes to 40 hp), choice of piston and 
vane pumps (sizes to 60 gpm), relief valve 
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and reservoir. Internal baffling provides 
long return path which is said to improve 
heat dissipation and purge oil of any 
trapped air. A second air breather is pro- 
vided to prevent blow-back when filling. 
Also includes single-bolt, clean-out cover; 
shaft coupling guard; and magnetic drain 
plug. Vickers Inc, Div of Sperry Rand 
Corp, Detroit 32. 

Write 23 on Reader Service Card 


Subminiature reversible 
counters ... 
have drums only 0.288 in. dia and digits 
0.075 in. high x 0.045 in. wide. Model 
1005 has a 200:1 gear reduction so that 
20 revolutions of input shaft equals 1 
count on units drum. Pitch of gears in 
train is 120. Package size is ¥ in. wide x 
§ in. long (not including shaft length) x 
#2 in. over-all height. Max input speed 
is 5000 rpm. Model 1006 package size is 
fs in. wide x 48 in. long (excluding shaft 
length) by #% in. over-all height. Frames 
are anodized aluminum, shafts are stain- 
less steel and bearings are oilite. Model 
1006 in a military version is priced at $44. 
Haydon Instrument Co, 17 Brown St, 
Waterbury 20, Conn. 

Write 24 on Reader Service Card 


Metal cased thermostat. . . 
is hermetically sealed unit in which disk 
is held firmly, allowing more vibration re- 
sistance and rapid thermal response. Meas- 
ures Ys in. OD, &{ in. high and has 
normally open or closed contacts. Tem- 
perature settings are —65 to 500 F; cur- 
rent, to 15 amp resistive. Therm-O-Stats 
Inc, PO Box 303, Chartley, Mass. 

Write 25 on Reader Service Card 


Miniature rotary selector 


switch . . . 

has 2 to 16 contact positions (224° index) 
and | to 12 decks (single pole). Weight 
of 1-deck, 16-position unit is approx 3 oz. 
Originally designed for ground and _air- 
borne electrical systems where execution 
of tap, transfer and sequence functions is 
required, switch is totally enclosed to offer 
max protection against adverse conditions. 
Suitable for dry circuit and signal level 
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switching applications. Power handling 
capacities are up to 5 amp, 115 v ac; 3 
amp, 28 v dc resistive; and 2 amp, 28 v 
dc inductive. Rated to make, break and 
carry. Janco Corp, 3111 Winona Ave, 
Burbank, Calif. 

Write 26 on Reader Service Card 


Heat-resistant protective 
sleeve ... 
is of silicone-coated, fiberglass material 
that resists ambient temperatures to 450 F 
and flexes normally without cracking at 
—80 F. In 70-hr test at 350 F in ASTM 
#1 oil, there reportedly was no notice- 
able decomposition or surface tacking. 
Volume change did not exceed 11%. 
A&A Mfg Co Inc, 712 § 12th St, Mil- 
waukee 4. 

Write 27 on Reader Service Card 


Helical gear driven pumps.. . 
include 200-, 300- and 450-gpm (nominal 
rating), heavy-duty, positive displacement, 
rotary units suitable for pressures to 200 
psi. Independently mounted helical gear 
reducer accepts any one of five gear ratios 
capable of transmitting a max 25 hp at 350 
pump rpm and 40 hp at 520 pump rpm. 
The three size pumps with five gear ratios 
and either a 1750- or 1150-rpm motor per- 
mit capacity range from 65 to 450 gpm 
Same reducer also has been added to 50 
through 150-gpm (nominal rating) pumps, 
which formerly were equipped with re 
ducer capable of transmitting up to 10 hp 
This permits smaller capacity pumps to be 
operated up to max pump pressures of 
200 psi. Standard couplings are used, con 
necting both motor and pump to reducet 
Viking Pump Co, Cedar Falls, Ia. 

Write 28 on Reader Service Card 


Time delay relays... 


are low-cost, transistor-controlled, plug-in 


units that provide fixed or adjustable time 
delays from 100 microsec to 300 sec 
Suitable for applications where exact tim 
ing with long operating life is required, 
units are DT, 1, 2, or 3 poles, with contact 
currents from 1 to 10 amp. Input power 
is 26 v dc, 2 w max. Time delay is highly 
stable and compensated for voltage and 
temperature variances. Recycle time is 50 


millisec. ‘Timing intervals remain constant 


over following conditions: temperatures 
from —67 to 185 F; altitudes to 15,000 
ft; shock to 10 g for 11 millisec (non-oper- 
ating); and vibrations to 5 g, 5 to 500 
cps (non-operating). Prices range from $29 
to $45. Delivery from stock or in 1 wk. 
Accutronics Inc, 403 N Foothill Rd, Bev- 
erly Hills, Calif. 

Write 29 on Reader Service Card 


Servo gear boxes... 
provide even and exact binary ratios from 
2:1 to 625:1 


and heavy-duty, ball bearing and oil-less 


Available in light, medium 


models with slip clutch, anti-backlash gears 
or combination of both 
ured at output shaft with input shaft 
locked, is held to a max of 30 ft in all 


Backlash, meas 


models. Max rated output torque ranges 
from 250 oz-in. in 4-in. shaft series to 500 
oz-in. in 4-in. shaft series. From stock at 
$79.02 to $171.55. PIC Design Corp, 477 
Atlantic Ave, East Rockaway, LI, NY. 


Write 30 on Reader Service Card 


Subminiature lamps. . . 
operate on 1.2 or 1.5 v, drawing as low as 
5 ma. Lowered current drain is said to 
make lamps suitable for operation on 
miniature batteries or with transistors 
Smallest of five models has diameter of 
).0139 in. and length of 0.138 in. Despite 
tiny size, gives light output of 40 to 45 
millilumens and has min life of 1000 hr 
Design features include rounded envelope 
end and both leads extending from same 
end of lamp. Can serve as indicator lamps, 
in computer readout devices or in photo- 
electric systems. Miniature Lamp Engi- 
neering Co, 350 Broadway, New York 13. 
Write 31 on Reader Service Card 


Absorption dynamometer . . . 
has hysteresis brake that reduces starting 
torque and improves high-speed perform 
ance. (PE—8/7/61, p 14 
one torque range to another is through a 


I'ransfer from 


progressive spring loading system. Unit 
applies a restraining torque to prime rotary 
movers, such as electrical, hydraulic or air 
motors, turbines, rotary spring activators, 
etc and measures magnitude of applied 
torque. Motor under test drives brake’s 
rotor which magnetically coupled stator 
tries to follow but is restricted by reaction 
of springs. Amount of this reactive force 
is transmitted to unit’s dial, where it is read 
\ photoelectric 
tachometer eliminates mechanical contact 


in terms of in.-oz or in.-lb 


between shaft and transducer. Unit has 
accuracy of within 1% and can apply 
clockwise and counter-clockwise torques 
Also can be 
used as a static torque tester. John Chatil- 
lon & Sons, 85 Cliff St, New York 38. 


Write 32 on Reader Service Card 


without any setup changes 
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READER TO EDITOR 





in defense of the Chevy racer 
To the Editor: 

We read your article, “Indianapolis '61” 
(June 19, p 62), concerning the only 
stock engine car attempting to qualify at 
Indianapolis this year. We would like to 
enlighten you on a few facts. The prime 
reason for using a Chevy was NOT to 
save ten thousand dollars, but to try to get 
a stock block car qualified. We owned 
one Offy powered speedway car, but it 
isn’t a challenge owning one since every- 
thing is accomplished for you by Meyer- 
Drake Engineering. With the exception 
of a few mechanics, most speedway me- 
chanics are assemblers and wouldn’t know 
where to start if they had to “build” an 
engine from a stock beginnning. We were 
not afraid to experiment with a V-8 stock 
block. They have had 30 years to develop 
and improve the design on the Offy and 
vet we went faster than 31 of the 69 cars 
that were entered this year. We used Hil- 
born fuel injectors at all times and never 
attempted to use four carburetors. We 
were never run off the track as a hazard, 
and as a championship car owner am in 
good standing with USAC and the speed- 
way management. 

If we can take $1500 conversion set up 
and go as fast as a $10,000 engine, we 
feel that we have accomplished something. 

—Cuuck CHenowrtHn 
San Diego Steel Products 
San Diego 


Objection on The Table 
Io the Editor: 

I object to the comparison table in John 
Kirsner’s article on Molded Epoxy Parts 
(Aug 7 ’61, p 69). The author compares 
the minimum acceptable requirements of 


the various thermosets (including the 
lowest-strength grade of diallyl phthalate) 
with values for a specific grade of epoxy. 

Mr Kirsner’s table reveals that he simply 
copied the minimum requirements of the 
diallyl phthalate (DAP) compound in 
MIL-M-14, ignoring the fact that the 
specification lists only the lowest accept- 
able values and by no means reflects prop- 
erties of all DAP materials available. 

For example, our SDG glass-filled grade 
of DAP is comparable to epoxy in price, 
can be molded into thin walls and has 
good heat resistance. The minimum aver- 
ige properties of this grade will have 
29,300 psi compressive strength (com- 
pared to 18,000 in the table), 13,000 psi 
flexural strength (compared to 6800), and 
6900 psi tensile (compared to 4000). The 
other materials will show comparable im- 
provement in properties. 

—Feiuix C Karas 
Vice-president 
Mesa Plastics Co, Los Angeles 


The author replies: 

Our company molds diallyl phthalates 
(DAP) as well as epoxies and other 
thermosets so we do not intentionalls 
wish to downgrade DAP. In fact, the 
opening of the article specifically states 
that expoxies are more expensive and im 
plies that thev should only be used where 
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the extra cost can be justified. 

The table was intended to compare a 
mineral-filled epoxy with the mineral- 
filled thermosets in MIL-M-14. No mili- 
tary spec has yet been published for 
epoxy. It is true that the values assigned 
to DAP and the others are minimum aver- 
age values, but the figures given for epoxy 
are also minimum average values. 

Once  glass-filled compounds (short 
glass-fiber-flled compounds will flow into 
thin mold cavities) are considered, then 
all will have higher strengths—epoxies as 
well as phenolics, melamines, silicones, 
alkyds and Mr Karas’ (and our) DAP. 

When it comes to heat resistance, only 
the epoxies and the silicones can be used 
continuously for 1000 hr or more at 400 
F. (Some special phenolic grades can 
withstand this temperature but are difficult 
to mold into thin walls). 

—VINCENT SussMAN 

Vice-president, research and development 
Epoxy Products Inc 

Irvington, N] 


Josiah Gibbs at Sea 
To the Editor: 

I was interested to note your article on 
Josiah Willard Gibbs (August 14, p 3 
Indeed, Professor Gibbs’ contributions to 
science and engineering are remembered. 
This country’s largest research vessel in 
the field of the physics of the ocean now 


bears his name. It was formerly the USS 
San Carlos, a 2,800 ton, 310 ft sea plane 
tender converted to a research vessel in 
December 1958. 

The USNS Josiah Willard Gibbs is 
operated by the Military Sea Transporta- 
tion Service for use by Hudson Labora- 
tories of Columbia University under con- 
tract to the Office of Naval Research. 

—Henry C Beck 

Head, Mechanical Engrg. Dept. 
Columbia University 

Hudson Laboratories 


More on “poor Gibbs” 
To the Editor: 

It would have been interesting to note, 
(“Yale’s Shy Prof,” Aug 14, p 3), if you 
mentioned that Gibb’s PhD thesis of 1863 
was the fifth such degree granted in the 
U.S.: it bore the title, “On the Form of 
the Teeth of Wheels in Spur Gearing.” 

Not entirely home-grown, Gibbs spent 
the academic years 1866 to 1869 studying 
physics and mathematics at Paris, Berlin 
and Heidelberg. His geometrical or graph 
ical inclination was reffected in papers on 
the graphical expression of thermodynamic 
relations (1873) Statistical mechanics 
and the powerful vectorial methods of no 
tation belong to the “contribution to en- 
gineering.” 

Gibbs was on the Yale staff for 32 


years until his death in 1903 at the age of 
64 years. He was the inventor of a rail- 
road brake and a governor. In 1901 the 
Royal Society awarded him its highest 
honor, the Copeley Medal, for his work 
in thermodynamics. —R S HartTEeNBERG 
Professor, Dept of Mechanical Engineering 

Northwestern Univ 
@ Sorry that space did not allow us to 
delve any deeper into Gibbs’ life. Inci- 
dently, Gibbs was also the first American 
to gain a doctorate in the field of engi- 
neering. —BAL 


COMING EVENTS 





SEPTEMBER 


11-14. ... Society of Automotive En- 
gineers, National Farm Construction & 
Industrial Machinery Meeting, Milwaukee 
Auditorium, Milwaukee, Wisc 


14-15 .... American Society of Me- 
chanical Engineers, AIEE and IRE, Joint 
Societies Engineering Management Con- 


ference, Hotel Roosevelt, NYC 


20-21 .... Institute of Radio Engi- 
neers, AIEE and ISA, Industrial Elec 
tronics Symposium, Bradford Hotel, Bos 
ton 


American Welding Society, 


Adolphus Hotel, Dallas, 


ae 
Fall Meeting, 
Texas 


OCTOBER 


9-11 . . . . Institute of Radio Engineers 
and AIEFE, National Electronics Confer 
ence, International Amphitheater, Chicago 


9-13... . Socicty of Automotive Engi 
neers, National Aeronautic Meeting, The 
Ambassador, Los Angeles 


15-20 .... American Institute of Elec- 


trical Engineers, Fall General Meeting, 
Statler-Hilton Hotel, Detroit 


17-19... . American Society of Lubri 
cation Engineers, and ASME, 8th Annual 
Lubrication Conference, Morrison Hotel, 


Chicago 


19-20... . [Illinois Institute of Tech- 
nology and Armour Research Foundation, 
1961 National Conference on Industrial 
Hydraulics, Sherman Hotel, Chicago 


19-20... . American Society for Qual 
ity Control, 16th Midwest Conference, 
Chase-Park Plaza Hotel, St. Louis 


23-27 .... American Society for Met 
als, 43rd Nationa] Metal Congress, Cobo 
Hall, Detroit 


For a listing of addresses of societies and 
associations send 25¢ to Product Engineer- 
ing Reader Service Dept, 330 W 42nd 
St, NY 36. Ask for brochure R 32. 
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Editorial content for design digest issue 


A GENERAL ENGINEERING 


FLEXIBLE ROPES OF GLASS TRANSMIT PICTURES 

Each fiber carries a small part of total image 
TWO STATISTICAL TESTS FOR NONSTATISTICIANS by B S Brown 

Quick test for correlation and whether test data show two things are really different 
S NON-DESTRUCTIVE TEST METHODS by F W Wood, jr 

Surveyed are various methods for inspecting structural materials for flaws 
CUT CHARTMAKING TIME WITH TAPE 

Engineers have found a quicker way to make large charts .. 
HOW TO HALT RESONANCE TESTS AT FAILURE by Donaid McClusky 

A quick, simple method that ensures stopping of test on fracture of specimen 
VALUE ANALYSIS CHECKS DESIGNS FOR COST 

How the value analyst can save money 
FORCE-MEASURING SYSTEMS 

How best to arrange piezzo-electric cells to measure stress 


DESIGN ABSTRACTS 


B METALS AND ALLOYS... 


MATRIX STRUCTURE OF GRAY IRON by John F Wallace 
How to control it in castings. _ 
A BETTER ACOUSTICAL- BARRIER—LEAD ‘SHEET 
How it can reduce machinery noise. . 
A BEND TEST FOR TOUGHNESS by Dean K ‘Hanink and Geo R Sippel 
This simple test for alloy selection gives good results..... 
DON’T OVERLOOK POWDERED METAL PARTS 
Some pointers for improved designs of press-molded parts 
NICKEL-BASE ALLOYS: WHERE AND HOW TO USE THEM 
A quick guide to help pinpoint the best material........ 
DESIGN ABSTRACTS 


cc NONMETALLIC MATERIALS AND FINISHES... 


POLYPROPYLENE. ITS ENGINEERING PROPERTIES by W L Dunkel and R A Westlund, jr 
Facts and tables about this important material 
FRICTION IN THERMOPLASTICS 
How finish, temperature and other variants all have their effect 
EPOXY MOLDING, COMPOUNDS, RIVAL FOR PHENOLICS? by Paul E Fina 
As an all-round material epoxy compounds are compared with others 
FOR STEEL FINISHES THESE LOW-FIRING PORCELAIN ENAMELS 
These enamels promise less cost and more variety of porcelain finishes 
THIS QUICK-AID CHART FOR FINDING COST OF PLASTIC PARTS 
Density, volume, weight and cost are all related on a handy nomograph 
SURVEYED: FINISHES FOR ALUMINUM 
Tabulated facts about 19 different finishes. . 
DESIGN ABSTRACTS 


D FABRICATION AND PRODUCTION PROCESSES 


ELECTRICAL MACHINING 
Best for hard, tough, fragile or heat-sensitive metals....... 
METALLIZING SYMBOLS 
These drawing symbols are now the American Standard 
GATE SIZES IN ALUMINUM DIE-CASTING by John Lapin and Richard Stumph 
Some relations between aluminum die-casting design and gating variables 
IMPREGNATING MATERIALS AND TECHNIQUES by George J Caudron 
How this process gives added advantages to products 
RADIOISOTOPES AS PRODUCTION TOOLS by Paul C Aebersold 
Density gaging and leak detection, and other jobs they can do.. 
THESE COATING METHODS FOR THERMOPLASTIC DECORATING 
Important facts about methods and possible trouble spots 
DESIGN ABSTRACTS 


E POWER TRANSMISSION .. . 


SELECTING ADJUSTABLE-SPEED DRIVES 

Characteristics of various drives and how to specify available t 
HP CHART FOR MECHANICAL DRIVES 

Gives power for 0.5 to 500 rpm and 0.3 to 300 Ib-in torque 
CUSHIONED STARTS FOR TOUGH LOADS 

Couplings that reduce shock and acceleration loads 
LONGER LIFE FOR ROLLER AND SILENT CHAINS by HS @ormend 

By closer attention to three wear factors. . 
HOW CENTRIFUGAL CLUTCHES WORK by Sames £ ‘Ettorre 


Gives design equations and on-the-job function ng. 
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FRICTION OF GEAR TEETH by G H Benedict and B W KELLEY 
Important tests result in a helpful formula 

CRITICAL SPEEDS FOR VIBRATION by R F Wojnowski end Tt R Faucett 
Curves for two-bearing machines with overhung weight 

DESIGN ABSTRACTS 


MECHANICAL PARTS AND DESIGN ANALYSIS... 


PHOTOELASTIC COATINGS ANALYZE STRESS by Fexil Zandman 
Observe stress directly with this coating technique. 
DON’T CONFUSE MASS WITH WEIGHT by A E Schuler 
Be sure your formula dimensions are correct for space-age problems 
WHEN BEARING BLOCKS ARE NEEDED 
Charts and tables to help select the right type pillow block 
SELECTING AND APPLYING CASTERS 
Basic arrangements and recommended wheels for various flooring materials 
HOW LABELLING MACHINES WORK by J A Cuckson 
Mechanisms use suction, fingers and gluepads..... 
RESIDUAL-STRESS CORRECTIONS FOR FATIGUE by J Morrow and G M Sinclair 
They are different for high and low residual stresses , 
DESIGN ABSTRACTS 


G FASTENING AND JOINING ... 


MAKE THE MOST OF ANAEROBIC THREAD-SEALANT 

Examples of how this hardenable-liquid sealant can be put to work 
METAL STAKING 

A complete rundown on tools, methods and applications of this useful techni« 
FOR THREAD-FIT PROBLEMS 

Go troubleshooting with this table 
ADVANTAGES AND DISADVANTAGES OF STAND- OFF FASTENERS 

Tabulated facts about the most common types....... 
HOW TO JOIN TEFLON 

An up-to-date rundown on methods and materials that offer help in this problem 
7 TYPICAL JOINT DESIGNS FOR ADHESIVE BONDING 

Best joints for structural members are illustrated... 


DESIGN ABSTRACTS 


H MOTORS, ENGINES AND CONTROLS... 


HOW MULTIGRADE OILS AFFECT ENGINE FRICTION AND WEAR by E H Okrent 
Polymer additives reduce friction and wear 
COMPENSATING DC MOTORS FOR FAST RESPONSE 
How compensated motors are more adaptable than conventional ones 
CONTROLLING STEAM TURBINES by A A Luoma and R Del Vecchio 
Automatic systems, from the simple to the complex 
IN DEFENSE OF CAMS FOR CONTROLS by Harold A Rothbart 
They have some advantages that electronics can’t match 


DESIGN ABSTRACTS 


I ELECTRICAL AND ELECTRONIC COMPONENTS... 


FOR BETTER LIGHT-ACTUATED MECHANISMS—THE PHOTOCONDUCTIVE CELL by Robert A Farrall 
Advantages and disadvantages of today’s improved light-sensing devices 

WHY PILOT LIGHTS MAKE MISTAKES by Dorn L Pettit 
Leakage and resonance light them when they should be off 

SOME FACTS TO CONSIDER WHEN APPLYING THERMOELECTRIC GENERATORS by A A Sorenson 
Essentials, applications and methods for this modern power source 

WHAT VARIABLES CAN'T YOU MEASURE SATISFACTORILY? 
This question is answered by various engineers who were asked 

RECENT DEVELOPMENTS IN FUEL CELLS by D Sama 
Their characteristics together with some problems yet to be solved 


DESIGN ABSTRACTS 


J HYDRAULIC AND PNEUMATIC EQUIPMENT... 


METERING VISCOUS FLOW 
What leading manufacturers recommend for this problem 
SIGNIFICANCE OF WN. IN CENTRIFUGAL PUMPS 
How specific speed tells a lot about pump performance 
HOW MUCH COMPRESSED AIR? by F Caplan 
Tank capacity for peak-demand of air-operated devices 
POINT SYSTEM STREAMLINES PIPE-SIZE ESTIMATES 
Calculate pipe-friction losses by this simple method 
HOW TO SPECIFY PIPE, TUBING AND HOSE SIZES 
Avoid confusion with this simple dash-numbering system 
PIPING: TYPICAL SUPPORTS, EXPANSION JOINTS AND FITTINGS 
A guide to the right choice for piping systems 
VISCOSITY CONVERSION CHART 
Six scales from three countries relate various systems 


DESIGN ABSTRACTS . 
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A 


\c motors, adjustable-speed 
types : . 198-201 
\c voltage, measuring (oa 
\coustical barrier aon ae 
Acoustical materials .. ive 
Acrylics, compared with poly 
propylene To 
Adapters, for rigid tubing. coos Ome 
Adhesive bonding ... ; 364, 365 
\djustable-speed drives ..+ ++ 198-201 
Adjustable-voltage drive cer 
Advertising artwork, tape for ose ae 
Air, compressed, chart for.......... 522 
Alkyd vs epoxy. oo .... 106-107 
Alloys (see alloy in question) 
\lloy-selection, bend test aids 
\lnico 
Alodine 
Alrok 
Alumilite 
Aluminum, die casting, gate sizes 
in 
fastening of finished 
finishes for 
friction of ... 
Alzak 
American flowmeter 
Anerobic thread-sealant .... 
Arc-discharge machining 
Austenite 
AV adjustable-voltage drive 
AVR reactifier drive 


B 


Babitted bearing blocks.........284, 285 

Bailey area meter. . 

Bainite 

Ball-and-socket joints, in “Joad-cell 
systems 

Ball joint, for piping. 

Battelle Memorial Institute 

Batteries, isotopic 

Bell and spigot, on piping 

Bend test for toughness. ... 

Beam-compass, for 7 pen 

Bearing blocks RaStA 

Beta rays 

“Black” light, in penetrant 
testing 

Blocks, bearing 

Bonderite 

Bonding, adhesive 

Bronze bearing blocks ... 

Bronzes, nickel 


C 


Cams, for control 108-411 
Captive light, in glass fibers..... 25 
Carbon, in gray iron .... se 58-60 
Case clearance, of chains es 206, 207 
Casters, selecting . .286, 287 
Castings, impregnation of -. 167, 168 
Cells, fuel, developments in 
load, for measuring systems ....£ 

Cellulosics 

Cementite 

Centrifugal clutches 208-211 
Centrifugal pumps .. . 519 


20 


Editorial subject index 


Chains, roller and silent .++-206, 207 

Chartmaking with tape Te 

Clutches, centrifugal . .208-211 
DIR tinge. bran sy sled 203 ~205 

Coating methods, for plastics 

Compressed air, chart for capacity... 5 

Constant-voltage dc motor 

Comerel COME .... 2.20 

Corner-cougt test 

Cost nomograph for plastics. 

Counter, assembly line. 

Coupling, shaft 

Crack-propagation tests 

Critical speeds 

Current, electrical, 


D 


Dash-numbering, of pipes, etc... .525-527 
Dc motors, compensating ... .400-403 
two types of 199, 200 
Decoration, of thermoplastics. .... 171-173 
Density, measuring 
Diamond knurl, on powdered- 
metal parts 
Die casting, of alumium ... 
Dimples, forming 
Dipping, of plastics “ss 
Discharge coefficients .............. 516 
Displacement, measuring 468 
Drives, adjustable-speed ......... 198-201 
mechanical, hp chart for 202 
Dry-fluid coupling 203, 204 


Eddy-current coupling . -204, 205 
Electrical machining 160, 161 
Electric fuse, in resonance tests....33, 34 
Electrified-particle inspection 30 
Electrobright 2 
Electrolytic grinding 160, 161 
Electromagnetic drive 200, 201 
Electronic symbols, tape for $1 
Enamel, porcelain 9, 112 
End connections, for piping......528, 529 
Engine friction, affected by 
rrr ke 
Engler viscosity measure 530 
Epoxy vs phenolics 
Estimating, of pipe sizes 
Expansion joints for piping 


F 


Fasteners, threaded, measuring...... 359 

Fastening, by staking ............354-358 
of aluminum ........ 111 
of piping .. eee 
of Teflon .. . .362, 363 
with adhesives ...............364, 365 

Fatigue, stress-corrections for ........ 291 

Ferrite 

Fibrous-glass optics (Fiberscope) . 

Finishes, for aluminum 
for steel 

Fittings, for hose 

Flaring, of stud end . 

Flooring material and casters... .2 

Flowmarkers, radioactive 


Flow, measuring of 467 
Flowmeters, for viscous fluid ....516—518 
Force-measuring, systems for .....36, 37 
Foxboro quadrant-edge orifice . 517 
Frequency change, in resonance 
tests - te 33, 34 
Friction, in load cell systems iia . 86 
ee . .398, 399 
of thermoplastics ..... ...104, 105 
Frits, low-temperature .. 108, 109 
Fuel cells, developments in... 170, 471 
Fuse, electrical, in resonance 
SO ede aha ..33, 34 


Gages, thickness 
Gamma rays 
Gate sizes, in aluminum 

die-casting , ..+..- 164-166 
Gear hub, powdered metal 67 
Gear motor, used on pipe en eee 529 
Gear-roller test machine .. exe ae 
GORTEOOER PICKS 2.20 ccc cccescccsss 212 
Generators, thermoelectric 463-466 
Glase-fiber Optics .. 2... .00 0c cece cdhs 
Graphite, in gray iron 
Gravity, variation of 
Gray iron, matrix structure of 
“Griffth-Irwin” theory 


H 


Hagan flow-signal transmitter... .! 
Hangars, spring, for piping 
Hays flowmeter 
Heat treatment, of gray iron 
Hose, fittings for 

sizes of, specifying 
Hp chart 
Hydraulic-fluid couplings 
Hydrogen-oxygen fuel cell . 
Hydrox fuel-cell 
Hysteresis in load-cell systems. 
Humidity, measuring 
Hvdrodvnamic-lubrication curve . 


I 


Impregnation, materials and 
techniques .. 167, 

Ion-exchange, fuel cell 

Iron, gray, matrix structure of 

Iridite 

Irradiation of pli ae 

Isotopic batteries 


K 


Knurling, diamond, on powdered 
metal parts .. or 


L 


Labelling machines .. 288-290 
Layouts, office and plant ........... 31 
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Lead sheet, in acoustics 
Levelness, measuring 
Light-actuated switch 

Light (s) , captive, in glass fibers 


pilot er, |e 
Load-cells, in measuring systems . .36, 
Loctite $52, 
Low-firing porcelain 108, 


Luminescent phosphors 
Lvfanite 


M 


Machining, electrical 
Magneflow drive 
Magnetic-disk clutch 
Magnetic-particle clutch 
Magnetic-particle inspection 
Maps, tape for 
Martensite 
Mass vs weight 
Matrix structure, 
Maurer diagrams 
Measuring, of pipe and tubing 
Mechanical drives, hp chart for 
Melamine asbestos vs epoxy 
Metallizing, of plastics 

symbols for 
Metering, of viscous flow 
Minneapolis-Honeywell flowmeter 
Mixed-flow” pumps 
Motion, measuring 
Motors, cde 

variable-speed 
Multigrade oils 
Multiple tape pen 
Multispeed ac 


of gray iron 


compensation of 


motor 


N 


Nickel-base 
Nondestructive 
N,, in centrifugal pumps 519 


Nylon 100, 104, 


Office layouts 


Oils, multigrade 398, 
glass fiber 24, 


Optics, 
Organization charts, tape for 
Outside-count test 


Pearlite 
Penetrant method of inspection 
Permanent-magnet clutch 
Permanent-magnet, eddy-current 
couplings 

Phosphors, luminescent 
Photoelastic coatings 
pH value, measuring 
Pillowblocks 
Pilot lights 
Pipe-size, estimating 

specifying 
Piping, expansion joints for 
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alloys 68 
testing 28 


71 
29 


521 


105 


31 


399 


25 
31 


26 


typical supports for 28, 529 
Plant layouts 31 
Plastics, plastic parts, cost of . 110 

decoration of 171-173 

friction of eae 104, 105 

(see also material in question) 
Phase diagram, of gray iron 58 
Phenolics vs epoxy 106, 107 
Pivots, in load-cell systems 37 

Point system,” for pipe-sizes 523, 524 
Polyester resin, in impregnating 168 
Polyethylene ‘ 100-103 
Polymethyvilmethz acrylate 104, 105 
Polypropylene 100-103 
Polystyrene . 100 
Polyvinylchloride 104, 105 
Porosity, in powdered-metal parts 65 
Porcelain enamel 108, 109, 112 
Powdered-metal parts 65-67 
Pressure, measuring 168 
Profile, of gear tooth 212 
Pumps, centrifugal 281-283 
Punches, used in metal staking 355 


Radiographic inspection 
Radioisotopes, in production 168, 
Rectiflow drives ... 198 
Redwood viscosity measure 

Republic flowmeters 

Residual-stress corrections 

Resonance tests, halting at failure 
Rigid tubing, dash-numbering of 
Roller chains, life of 206 


S 


Saybolt viscosity measure 530 
Sealant, anaerobic 352, 353 
Seebeck emf . 465 
Shaft couplings 203, 205 
Shaker impedance - a 
Silent chains, life of 206, 207 
Silicate, sodium, impregnating with 168 
Silicone vs epoxy 106, 107 
Silk-screening, of plastics 72, 173 
Slip-type expansion joint 529 
Sodium silicate, impregnating with.. 168 
Soldered fittings, for piping 529 
Soluble-reactant fuel cell .. 171 
Sound-transmission loss 61 
Spark-discharge machining 160, 161 
Specific gravity, measuring 169 
Specific speed, in amen 
pumps 519-521 

Specifying, of pipe sizes 525-527 
Spray coatings 71, 172 
Spring hangars, for piping 529 
Sprocket-wrap, of chains 206 
Staking, of metal 354, 358 
Stand-off fasteners 360, 
Statistical tests 26, 
Statistical visuals, tape for 
Steam turbines, controlling 104, 
Steel finishes, porcelain enamel. . 108, 
Straightening, of shafts and metal 
Strain gage, Photostress ..... 
Stress, measuring ........... 

photoanalysis of ....... 278-280 
Strut alignment, in load- cell svstems 
Supports, for piping 


.. 458 
oo OL 
162, 163 


Switch, light-actuated 
Symbols, electronic, on tape 
for metallizing 


T 


Lape, in chartmaking 1, @ 
Tape pen 31, 32 
Teflon, friction of 104, 105 
joining of ‘ 362, 363 
lelemetering 280 
lemperature-equilibrium phase 
diagram . 58 
Temperature, measuring 468 
lest (s), crack propagation 62 
nondestructive a 
resonance, frequency change in..33, 34 
halting at failure 33, 34 
toughness . 62-64 
Thermoelectric generators 163—466 
I hermopiles 466 
thermoplastics, decoration of 171-173 
friction of ..... ; 104, 105 
I hickness gages, using radioisotopes.. 170 
Thread fits, measuring . 359 
Threads, male and female 526 
pipe, dash-sizes for 526, 527 
sealant for 352, 3553 
tapered —_ 
Time-temperature transform: ation 
diagram 60 
Tin foil, friction of 105 
Tracers, radioactive 169 
rubing sizes, specifying 25-527 
lurbidimeter, uses photoccells 158--460 
Turbines, steam, controlling of 104107 


Ultrasonic 
Ultraviolet light, in 
testing 


Inspec tion 
pene trant 


V 
Value analysis $5 
Variables, measuring 167-469 
Vibration, critical speeds causing.215, 216 
Vinyl (plastic) 104, 105 
Viscosity, converting, chart for 530 
Viscous flow, metering 516-518 


Weight vs mass 


Wound-rotor ac motor 


Tay inspection 
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HOW MUCH? 


The ancients tell of a wise old king who called in his three most- 
loyal henchmen and said, “‘As a reward for vour services, I will give each 
of you as much of my kingdom as you can walk around between now 
and the setting of the sun.” 

The two younger men loped off at once—almost without thanks 
to waste no daylight. One headed around a rich farming area, the other 
around a lovely citv. Thev had no time to spare. The third was an 
aged man, stooped and bent. He quietly made his obeisances and tot- 
tered to the palace steps, where he sat for a long time before he painfully 
rose and creaked away. In an hour or two, he was back, even more 
stooped and infirm, and sat again on the palace steps. 

As the sun set, the king watched at the palace doors, One young man 
appeared in the distance, limping and staggering. He fell, rose again, 
staggered, and fell not to rise again. And the sun set. The other young 
man didn’t even appear. Both had attempted too much. 

ihe king turned to the old man and said gently, “And you, my faith 
ful friend? Was this an unfair test for you?”’ 

“No,” said the old man, “I know what I want. So I just walked 
around the palace.” 

I’m reminded of this moral lesson when I see this Design Digest. 
All the words addressed to the engineer each vear would take six life 
times to read; no man can hope to scan them, let alone read them all 
in the time available. We try to include in each issue of Product Engi- 
neering the words of immediate need and application, in as short a 
compass as possible. Meanwhile, our editors find material published 
or delivered elsewhere that we feel vou'd also like to have for reference 
So we edit it to the factual limit and sort it by topic for this annual 
compilation. 

Thus it is possible for you here to take a technical walk around the 
palace—or even a smaller area if you prefer—when the need or oppor- 
tunity offers. 

Here, subdivided into ten broad categories, are condensed selections 
and abstracts of the past year’s literature, in a form convenient tor 
your use. Most of the longer articles have been rechecked with the 
original authors; more-recent information has been added when available. 
On the preceding pages is an index of the categories, so you can pick 
by problem or area of interest, and each category title page indicates 
its content (night). 

And, if vou’re a long-term subscriber, vou have the earlier Digests 
for additional sources, as well as current issues for latest information 
Between them, vou can win the palace, even if the kingdom is too big 
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FLEXIBLE ROPES OF GLASS TRANSMIT PICTURES.... 


TWO STATISTICAL TESTS FOR NONSTATISTICIANS 
by B S Brown 


5 NON-DESTRUCTIVE TEST METHODS 
by F W Wood, jr 


CUT CHARTMAKING TIME WITH TAPE 


HOW TO HALT RESONANCE TESTS AT FAILURE 
by Donald McClusky 


VALUE ANALYSIS CHECKS DESIGNS FOR COST.. 
FORCE-MEASURING SYSTEMS 
DESIGN ABSTRACTS 


TRENDS: 


® Look for increased emphasis on design reliability in 1962. Look also for 
new developments in these important areas: 

Nondestructive testing—improvements here are the passport to improved 
reliability. There will be more high-speed photography, more tests calling for 
random-wave vibration, more applications for the photoelastic coating, Photo- 
Stress, and the still-experimental technique of acoustoelasticity. 

Human-factors engineering—here, the number of specialists has increased 
nearly 5 times since 1956—they will be even more important in design of 
manually controlled equipment. 

Value engineering—squeezing the cost out of reliable volume-production items 
will challenge the value engineering group. 

Engineering statistics—if you haven’t started boning up, better start now 
It will find more applications in testing, reliability measurements, quality control 
and for setting tolerances on production parts. , 

Drafting department—look for new drafting tools and more use of microfilm 
photodrawings, and chart tape. + 
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PICTURE END of fiberscope, greatly en- 
larged, shows how each strand contributes 
a dot of light to the total image. 


From: Factory 


FLEXIBLE ROPES 


OF GLASS 


TRANSMIT PICTURES 


By total internal reflection, glass fibers carry an un- 


distorted picture through loops and bends. 


A bundle of glass fibers resembling 
an unbraided rope now reveals to the 
eye previously inaccessible spots and 
places too hot for comfort. Each thin 
strand of these “fiberscopes” carries a 
tiny portion of the whole picture, a 
property which may be used to decode 
a scrambled picture. For example, to 
foil security violators, an employe’s 
signature or picture could be printed 
is an unintelligible welter of dots on 
his ID card. By proper arrangement 
of the fibers, the fiberscope could un- 
scramble the meaningless dots and 
turn them into a meaningful picture. 
Here’s how fiber optics performs these 
tricks. 

When light shines on the end of 
the glass rod, much of the light enter 
ing the shaft bounces from wall to 
wall, finally emerging at the other end. 
The process at work here is called 
total internal reflection. (See drawing 
on facing page.) 

This same reflection process occurs 
even when the rod is drawn to a very 
small diameter. Most fibers used today 
are 0.002 to 0.003 in. dia. The smaller 
the diameter, of course, the more flex- 
ible the rod becomes. 

If the optical fibers are arranged in 
a bundle, they transmit an image from 
one end of the bundle to the other, 
regardless of the path the bundle must 
follow. They do it by breaking the 
image up into separate light compo- 
nents, one for each fiber. Close inspec- 
tion of the transmitted image reveals a 
kind of dot pattern not unlike a news- 
paper halftone. An 8 or 16mm camera 
lens then transforms the dots into a 
distinct picture. 

As long as the bundled fibers are ar- 
ranged in the same way at cach end, 


the image is a true one. Disarrange- 
ment at one end will scramble or dis- 
tort the received image. 

Though orderly array is necessary 
at each end for good image transmis 
sion, the fibers need not be orderly 
en route. Thus, it is conceivable that 
1 glass fiber bundle could be spread 
out flat under a rug and still carr 
an image back to the receiver end. 

When a tight bundle is formed to 
give a high-quality picture, the closc 
proximity of the fibers to one anothc1 
causes light to leak from one fiber to 
the next, Fiber makers solve this by 
coating each fiber with a transparent 
jacket. The coating, having a lower 
index of refraction than the glass rod, 
contains the light 

Each fiber rod is made from high- 
quality barstock glass. The glass is 
milk-white and free from stones o1 
bubbles. Plastics have been tried, but 
have proved inefficient transmitters at 
long lengths. 

Glass fibers can also be made into 
loose bundles simply to carry light 
from one point to another over tor 
tuous paths. Or they can be fused 
into various rigid shapes for use in 
cathode ray tubes and other optical 
electronic instruments. 

A glass-fiber probe (right, top) 
is failproof. It has no moving parts o1 
clectronic components to go awry. The 
flcxible-fiber bundle is virtually in- 
destructible as long as it remains in 
side its protective casing. It can with 
stand temperatures of up to 800 F. 


Production problems 

Remarkable as they are, fiber bun- 
dles still face production problems 
and technical limitations. 
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Perhaps the biggest hitch is cost. A 
}-in. dia fiberscope of up to 12.5 ft 
in length, complete with viewing-lens 


system, can cost over $3500. As the 


viewing diameter increases above }-in., 


so does the price. The bigger th 
diameter, the greater the number of 
expensively fibers in the 
bundle. 


Certainly, as more uses are found, 


produced 


more buyers will emerge. To meet the 
demand, fiber-optics makers are just 
beginning small production _ lines 
Generally, however, the state of th« 
irt is just leaving the research stage 
Big-volume production might d« 
velop more slowly than predicted. The 
failproof, indestructible quality of 
hber optics is the reason. There is 
little replacement business for an arti 


cle that never fails. 
Technical limits 


There are technical limitations 

It’s a physical fact that every 7 feet, 
half the light carried by a glass rod is 
lost. Thus, until research proves othe: 
good image-carrying bundles 
cannot exceed 25 feet in length. Rigid 
optical attachments are available, 
though, that will stretch this length 
by 4 feet or more. Non-image carrying, 
loose bundles can be effective iight- 
transmitters in lengths up to 150 feet 

So far, no one has figured a practi 


wise, 
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. Cladding gloss 
(low index of refraction) 


cal, reliable way to control the business 
end of a flexible fiberscope. At present 
an observer can only “jiggle” his scop¢ 
into viewing position, although thre« 
companies are working on control 
mechanisms. 

One solution to this control prob 
lem might be a panoramic-scope at 
tachment similar to those used by the 
Germans on submarine periscopes. 
Possibly made of molded plastic, this 
device would transmit a 360° image. 
In the center would be a magnified 
spot showing a particular location on 
the horizon. The head would rotate 
slowly on power from a sinall motor in 
the operator’s hand, 

Also troubling fiber-optics develop- 
ers are lens-focusing and image-projec- 
tion size. At the moment, the 


FIBERSCOPE IN ACTION. It carries a 
right-angle prism and its own light on the 


front. Black box is power supply 


Fiber (optical glass) 


CAPTIVE LIGHT is kept 
n glass fiber by total in- 
ternal reflection until it 


omes out end. 


fiberscope must be prefocused. Ex 
pected soon from manufacturers is a 
remote-focusing system. 

Not so optimistic is the prospect fo 
increasing the basic image size as 
originally carried by the fiber bundle. 
Right now it’s postage-stamp siz¢ 
Magnified any larger, without com 
plicated electronics, the picture loses 
definition. 

About the best that can be hoped 
for right now, say the experts, is a 
basic image of 3 x 3 inches. But this 
is more than acceptable, considering 
the job a fiber bundle can do 


REFERENCE 
“Fiber Optics,” by Lawrence F. Mihlon, 


associate editor, Factory. Published in 
Factory, pp 64-66, Mar ’61. 
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TWO STATISTICAL TESTS 


FOR NONSTATISTICIANS 


Judge data impartially with quick tests for correlation and for whether 


there is a true difference between two things. 


B S BROWN, Engineering Dept, E | du Pont de Nemours & Co Inc 


**it tests great,’” one engineer exults. 
“We ought to sell a million of them.” 
But another engineer, looking over 
the first man’s shoulder, groans, “It’s 
a failure. We'll lose our shirts if 
we make them.” Both are looking at 
the same data, but each is influenced 
by his personal outlook. 

There are statistical tests that sub 
stitute impartiality for subjectivity, 
but they are lengthy and complex; 
and the engineer is usually content 
to let his intuition judge what story 
the data have to tell. Here are two 
tests, however, that require no statis- 
tical knowledge and little time. One 
tells whether there is a real difference 
between two sets of data, and the 
other tells whether there is a correla- 
tion between two variables. 


Outside-count test 


This test tells whether the data 
show one method or thing is different 
from another. 

lor example, a company hopes to 
invade, with its new fiber B, a market 
dominated by fiber A. To justify 
further development, fiber B must 
have a_ tensile ‘strength one unit 
higher than that of fiber A. The 


(Table 1) results 
of tests on six samples of each fiber. 
He concludes: “Everv value for item 
A is matched by 


optimist arranges 


a higher value for 
item B. And fiber B averages a clear 
1.4 units better than fiber A. Not 
only is B superior to A, but it has 
40% more tensile difference than it 
needs.” 

(he pessimist decides differently. 
\ftcr arranging (Table 2) the same 
test results in a different wav, he com 
plains, “There is a considerable spread 
in both samples and only the one 
reading of 9.0 for fiber B is clear 
better than fiber A. A decision that 
fiber B is superior would rest on only 
one point.” 

For this situation the traditional 
statistical test is the ‘“‘t-test,’” which 
requires much computation. The out- 
side-count test substitutes four simple 
steps for the t-test. It is based on the 
concept that the degree of overlap 
of two samples is a measure of how 
similar thev are. 

1. Count all the values in the 
sample containing the largest value 
which are larger than the largest value 
in the other sample. In the example 


there is one such, 9.0. 





I—OPTIMIST’S VIEW OF FIBER DATA 


Fiber A Fiber B 


42 


Average $.1 
Difference, B— A: 
Required difference: 








1I—PESSIMIST’S VIEW OF FIBER DATA 
Fiber A Fiber B 


3.0 
4.) 


46 
49 








2. Count all the values in the other 
sample which are lower than the 
lowest value in the first sample. In 
the example there there are two, 3.0 
and 4.1. 

3. Add the two counts. Neither 
can be zero. In the example the total 
is three. 

4. If the two counts total seven 
or more, the samples are different. 

Since the total count of three is 
less than seven, these strength tests 
alone are not enough to show that 
A t-test, which 
took 10 times longer, confirmed the 
result. It showed that since zero is 
included in the 95% confidence lim- 
its —0.5 to 3.3, a difference between 
the fibers is not clear. 

Another useful feature of the out- 
side-count test is that the two sample 
sizes need only be within 25% of 
each other. 


fiber B is superior. 


EXAMPLE: In a control-laboratory 
test, incomplete drying of a particular 
substance causes lower than true vis- 
cosity. As a remedy, an oven drier 
was suggested to ensure thorough dry- 
ing. Ten samples were analyzed, 
using the new oven-drying method B, 
but 2 of the 10 samples analyzed by 
the conventional method A were lost. 

Counting from the data in Fig 1, 
there are five points above, five points 
below and two ties counted as 4 each, 
for a total of 11. Since 11 is greater 
than seven, the samples show oven 
drying is better. 


Corner-count test 


The corner-count test decides 
whether there is a correlation, or re- 
lationship, between the two variables. 
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Ihe usual method is to make an intu 
itive conclusion after making a scatter 
plot. Here is how both methods 


work. 


EXAMPLE: In a chemical process a 
preheater raises the temperature of 
the liquid part way to the reactor 
temperature. A higher preheater tem- 
perature would raise the production 
rate, but might cut yield by forming 
more tars. Data shown on the scatter 
plot in Fig 2 should show whether 
preheater temperatures 
form more tars. 


higher do 

Using the intuitive approach, the 
optimist says, “I see high and low 
tars for both high and low tempera- 
ture. I think there is nothing but 
random variation here.” 

[he pessimist says, “I question the 
validity of these particular points,” 
and marks them with an X. He points 
that the points came 
from start-up operation, high-impurity 


out some of 
feed supply, and so on. As a result, 
he says, “The correlation is clear to 
me, more tars result from higher pre- 
heat temperature.” 

Che optimist replies, “If just a few 
more points are discarded,” and giv- 
ing reasons, he marks them with an 
O, “the graph looks like random scat- 
ter again.” 

And so on and so forth. 

An accepted statistical test for cor- 
relation takes about an hour, requires 
a desk calculator, and is vulnerable 
to computational blunders. 

In contrast, the corner-count test 
takes six quick steps. It gives special 
extreme values and is a 
2-dimensional analog of the outside- 
count test. 


weight to 


The steps are: 

1. Draw a scatter diagram. 

2. Draw a vertical line parallel to 
the axis so that there are an equal 
of points to the right and 
left. Draw a horizontal line parallel 
to the axis so that there are an equal 
number of points above and below. 

3. Label the four quadrants plus 
and minus, as shown in Fig. 3. 

4. Take four counts. (a) Start at 
the extreme right and move toward 
the left, counting points until you 
have to cross the horizontal dividing 


5 
line. Score one for each point, and 


number 


sign of the quadrant the 
point is in. Point A is farthest to the 
right, but the next farthest is point 
B, so the count ends with a score of 

1. (b) Do the same, starting from 
the left. (c) Starting at the top, count 
have to cross the 
vertical dividing line. Point B is 
highest; point C is next highest, but 
point D, the third highest, is to the 
left of the vertical dividing line, so 
score of +2. 


give the 


down until you 


this count ends with a 
d) Do the same, starting from the 
bottom. 

5. Add up the scores 

6. If the total score is higher than 
11, there is correlation. A plus sign 
that as 
other 


increases 
minus 


means one variable 
the 


sign 


also increases. A 
that as 


other decreases. 


means one variable in 
creases the 

[he four temperature-tat 
ire: Right, 1; left, +6; 
+8: total, +15. 
positive More 


with increased prehe iter temperature, 


counts 
top, + 2; 
There is a 
tar forms 


bottom, 


correlation. 


so don’t raise it. 


Underlying assumptions 


[he estimate of variability, scatte1 
or dispersion of values, is built-in to 
the tests so it is not necessary to com- 
pute standard deviation, a measure 
that has little 
to nonstatisticians. 

Because the tests are nonparametric 
they do not include assumptions about 
the population, the vast number of 
physical from which _ the 
measurements are taken. For instance, 


of variability meaning 


results 


there is no assumption that an in 
finite number of measurements of 
fiber strength would fall on a normal 
or bell-shape curve or that they would 
fall on any particular curve. With- 
uit such an assumption these tests 
ire not as good as classical tests to 
the statistician, but to the practical 
man thev are good tests for the time 


spent 
REFERENCI 
“Two Ouick 


——. 


Tests for Use by 


Nonparametric Statistical 

| ngineer bv B. §S 
Brown, Engineering Dept, E I du Pont de 
Nemours & Co Inc, Wilmington, Del 
Presented at the American Society of Me 
Annual Meet 
Paper No. 60 


chanical Engineers Winter 
ing, New York, Nov ’60 
WA-243. 
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5 NONDESTRUCTIVE TEST METHODS 


F W WOOD JR 
President 

Advanced Design Inc 
Vienna Va 


dd) Apply penetrant 


PENETRANT method of inspection 
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Surveyed here are the X-ray, magnetic-particle, electrostatic- 


particle, ultrasonic and penetrant methods of inspecting for 


flaws in structural material. 


The demand for smaller, lighter, 
more streamlined parts has brought a 
stepped-up interest in nondestructive 
testing methods. Examples: a critical 
structural-member casting must be of 
minimum weight and sectional area as 
calculated with all determining factors. 
A small defect in a part of this type, 
designed for maximum service condi- 
tions, could be critical where the same 
defect in an over-designed part would 
be negligible. Since it is not practical 
to “test to destruction” each part to 
determine if there are defects, another 
method must be selected. 

l'able 1 gives a relative comparison 
of the methods of nondestructive in 
spection in use today. The additional 
figures and captions describe the vari 
ous processes and list the sources of 
commercial testing equipment that is 
ivailable. 


PENETRANT METHOD OF IN- 
SPECTION detects on a surface th« 


@) Wipe off penetrant 


@) Develop penetrant 


harmful discontinuities, or breaks that 
might not be visible to the naked 
eve. This method, to be effective, 
must be used before any surface treat- 
ment is applied that might seal up 
cracks. 

Ihere are three types of penetrant 
inspection methods: a dye penetrant; a 
penetrant material and a developing 
agent that will provide high contrast 
with the material surface being ia- 
spected; and a penetrant that is visible 
only under ultraviolet light. 

The general penetrant inspection 
procedure is as follows: 

1. Clean parts to be inspected. 

2. Heat penetrant and parts to be 
inspected if greater sensitivity is re 
quired than can be obtained at room 
temperature. 

3. Cover all inspection surfaces 
with penetrant (immersion, spraying, 
or brushing) as recommended bi 
penctrant manufacturers. 


(4) Examine 
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Electrosta 
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tron filings 


‘Loco! magnetic poles 


tically 


charged particles 


ror 
ill discontinuities. 


sufhcient time 


4+. Allow 
tration into 


p* ne 


5. Remove penctrant from all in 
spection surfaces. 

6. Dry thoroughly and avoid execes 
sive heat that might evaporate pene 
trant. 

Apply 


surfaces. 


developer to inspection 


8. Examine for flaws either with 
unaided eye, or with ultraviolet “black 
light” for a fluorescent penetrant. 


The penetrant method of inspec- 
tion can be used for detecting cracks 
and small holes in practically any ma- 
terial—magnetic and nonmagnetic 
metals, plastics, glass, etc. 


<< 


“Particle 


concentrations 


MAGNETIC particle method of nondestruc- 
tive testing shows extent of defect 


ELECTROSTATICALLY 
can be sprayed or dusted onto test speci- 
left) 


charged particles 


men (below, 


ULTRASONIC-TEST system. 


MAGNETIC-PARTICLE IN- 
SPECTION-—a piece of magnetizable 
material assumes the characteristics of 
a magnet when magnetized and will 
have at least one north and one south 
pole. This principle can be used in 
inspection because any defects, or dis- 
continuities in a magnetized piece of 
material, will cause an obstruction to 
the magnetic field and will create lo- 
calized magnetic poles set up about 
the defect. These defects can be made 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 


visible to the eye by dusting a fine 
ferromagnetic powder on the magne 
tized surface. The powder will form 
a visible magnetic field pattern that 
shows location and extent of defect. 

ULTRASONIC SOUND WAVES 
traveling through either metal ot 
nonmetal are reflected back to the 
source when they hit the opposite 
side of the material. This same ac- 
tion of occurs if the sound waves hit 
a break or a change in the material. 
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COMPARISON OF THE TEST METHODS 





Method 


Various penetrants 


Dye 


Developed 


Fluorescent 


Magnetic particle 


Electrified particle 


Ultrasonic 


Radiographic 





Can be used 


Non- Break 


Metals Metals 


Good for locating 
on defects that 


surface 


ee Major application 
Don't break 
surface 


Any material not too porous 
for locating defects that break 
surface. Low-cost method. 


Where high contrast is reqd. 
to locate surface breaks 


For locating finer flaws than 


visible with penetrant under 
normal lighting 


For items with surface finish that 
might cover defect 


Nonconductors: ceramics, porce- 
lain, glass, plastics 


Any sound-conducting material 


High-cost items where defects 
must be known 








Good acoustic contact is essential 


film of oil or glycerine between test 
piece and transducer is simply way to 
get good contact. A blow-hole (air 
space) in a casting would cause a re- 
es. This data 
in be interpreted on an instrument 


flection in the sound wat 


in the form of an electrical impulse 


that gives the extent and location of 


the defect. 
RADIOGRAPHIC INSPECTION 
captures on film the degree of pene 
trability of an object by the projected 
X-rays. A basic analogy is a slide 
projector where the amount of light 
that reaches the screen is determined 
by the opaqueness or density of the 
film. In inspection of opaque objects 
such as a casting, a void in the casting 
would not absorb as many X-rays 
is a solid portion of the casting. This 
causes a corresponding darker area 
representative of the void to appear 
on the developed X-ray film. 
ELECTRIFIED-PARTICLE IN- 
SPECTION locates defects in non- 
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Impurity 


X-ray ‘. 
source ha 


Jestpiece 


High-density 
smpurities 


Hollow or void appears as dark spot 
because void does not absorb rays 


conducting materials. ‘The part to be 
inspected is dipped into a conductive 
penetrant that enters all surface open- 
ings. The penetrant is dried and then 
the surface sprayed with an electro- 
statically charged powder. This pow- 


Projected image 
(shown os developed on film) 


der builds up at any defects on the 
nonconducting surface to give a visi- 
ble indication. The powder used 
should give a good contrast with the 
testing surface. This method is illus- 
trated on the preceding page. 
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E ngincering chart-work 


quick and easy with preprinted, pres 


becomes 


sure-sensitive tapes and papers that 
climinate tedious pen-and-pencil draw 
ing. Preprinted with symbols and 
designs in black or colors, these tapes 
and sheets, slit to a variety of precis¢ 
widths, are fast becoming a favorite 
aid in engineering offices. Here’s what 
thev can do— 

Office layouts: Symbols for all office 
equipment and scaled templets, for 
use on a grid, permit arrangements 
for interiors to be moved around until 
final layout is settled on. Walls, pat 
titions, and other structural compo 
nents can be indicated with patterned 
tapes. 

Plant layout: Patterned tapes indi 
cating power lines, material conveyors, 
and piping allow scaled representations 
for guides in material flow plans. 
Templets representing machinery can 
be made from templet sheets. 
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“Don't draw it, tape it,” 


engineers who... 


oe 


Maps: Patterned tapes representing 
railroad tracks, telephone lines, streets 
ind other important routings can 
be quickly laid down on map surfaces 

Statistical visuals: Pictorial svmbols 
representing numbers of persons, food 
stuffs, money, automobiles, ships and 
the like permit rapid construction of 
easily appreciated graphs. 

Organization — charts: 
circles, and triangles, and tapes for 


connective lines make possible quick 


Rectangles, 


assembly of these much-used charts 
Advertising and art: 
selection of tapes imprinted with bor 


\ complete 


der patterns for use in newspaper ad 
vertising and other art is aiding in 
new reproduction processes available; 
for example, photo composition tech 
niques. 


Spec ial tools available— 


‘Tape-pen—an ingenious tape holder 
that permits the user to roll on a 


isa new slogan for 


- CUT CHARTMAKING TIME WITH TAPE 


] 


linc of tape, freehand or following 
straightedge or french curv 

Multiple Tape-pen—this lcts sey 
eral parallel lines of varving patterns 
be laid down simultancously. 

Beam compass holder for Tape-pens 
with this, engineers can make accu 
rate circles or arcs with narrow tape 
Sheets, 


knives, and other tools are all planned 


grids, planning — boards, 


+ 


to let the user work to precise tol 


erances and scales 
Electronic Symbols 


\\ lable 


used in electronics desi 


are hundreds of svmbols 
gn and printed 
circuitry, produced to engineering and 
Draftsmen 


need not waste time drawing each 


government speciications 
svmbol—a supply, razor-cut from a 
backing sheet, speeds the work. 
Other special symbols, eg, often 
uscd fasteners, can be custom-made 


continued, next 
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-TAPE NEEDS NO DRYING: as soon as it is in 


place, work can be continued without danger of 
ink smudges. 


.TAPE-PEN feeds a 1/64 to 1/16-in.-wide tape 


that can be guided round french curves. 


.BEAM COMPASS holds Tape-pen that applies 


tape. Circles from 2 to 18 in. diameter can be 
irawn with tape in this manner 
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HALTING RESONANCE TESTS 
AT FAILURE 


How an electric fuse can guard fatigue tests. 


Additional 


benefits are less supervision, better test evidence, and pre- 


vention of damage. 


DONALD McCLUSKEY 


Senior project engineer 
Unholtz-Dickie Corp 
Hamden, Conn 


AA standard electrical fuse is the basis of an easy way to 
shut down a fatigue test at the moment of fatigue failure. 
It can be used whenever a sinusoidal fixed-frequency test 
at the resonance frequency of the specimen. The 


test can be rel 


IS Tun 
itively unattended. 
It must, however, be in a low-frequency range, and ex- 

ting force must be obtained from an electrodvnamic 
shaker attached to the point of high mobility. 

\ctual occurrence of failure in the specimen shuts down 
the shaker. By means of a timing clock or frequency 

yunter, the exact number of cvcles to failure can be 
reckoned 

he trick is to insert an external fuse of proper value into 

immature circuit of the shaker. Under 
is, when fatigue failure begins, current in 
begins rising from normal value. As 


the driver coil 
proper condition 
the armature shaker 
the failure progresses, the current continues to increase 
until the fused rating is exceeded. The fuse then blows 
ind shuts down the shaker by opening the armature cir- 


cuit. 
Takes only a few minutes 


The simplicity of the trick is apparent. The whole 
operation, from determining the rating of a readily avail 
able fuse to inserting it, takes but a few minutes. 

To determine whether or not any particular test can be 
irranged to shut down in this manner, make the follow- 
ing quick check (which will also give the proper value of 
the fuse): 

1. With the specimen connected, put the shaker sys- 
tem on manual operation. 

2. Set the driving frequency to the resonance frequency 
given by the test specifications. 
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FREQUENCY CHANGE at failure of a test specimen will reduce 
electrical impedance of the shaker and increase current flow i 
the armature. 


tinued, next page 
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A. 


3. Set the sinusoidal power supply gain to obtain the 
vibration level desired in the test. Then note the current 
reading on the ammeter in the armature circuit. 

4. Now slowly operate the frequency control so that 
the frequency shifts by 10 or 20%, leaving the gain con 
trol untouched. 

5. Observe the ammeter in the armature circuit as the 
frequency is changing. If the reading on the ammeter rises 
by 20% or more, then the system can be fused to shut 
down. 

The fuse size is chosen by picking a rating which is a 
little larger than the current noted in Step 3. When this 
fuse has been wired into place, the test is ready to go. 


Why it works 


The method works because of several phenomena. 

First, when a fatigue failure occurs in a resonant speci- 
men, at least one of several changes takes place. Usually 
the frequency of resonance becomes lower, owing to a 
decrease in structural stiffness because of the progressive 
failure of a spring member. Conceivably the reverse could 
happen and resonant frequency could rise after a failure 
if an effective mass section became detached without 
affecting the stiffness of the structure. 

Another possible change with failure is an increase of 
damping in the specimen. Usually this is because broken 
sections rub together, dissipating energy. Both an in 
crease in damping and a shift of the resonance frequenc\ 
have the effect of lowering the amount of mechanical 
buildup at the fixed test frequency. 

Still another phenomenon is the coupling of conditions 
in the mechanical system to the electrical circuit of the 
shaker. When operating with a resonant mechanical load. 
an clectrodynamic shaker appears as a high electrical im- 
pedance to the driving amplifier. Changes to this resonant 
system, which tend to decrease the mechanical buildup are 
reflected as a lowered electrical impedance of the shaker, 
see illustration). This decrease of electrical impedance 
permits more current to flow in the armature. The increase 
of current is utilized to blow the fuse. 

(he method will still work if other ocgurrences cause 
these same effects. An example is drift of the sinusoidal 
driving frequency away from the test resonance frequency, 
which might be caused by trouble in the oscillator or 
motor-generator set. The same fuse will cause a shutdown, 
because the impedance will drop if the test frequency and 
resonant frequency become separated. If drifting of the 
test frequency cannot be tolerated, then this method can 
be used to stop the test if drift occurs. 

Often there are other advantages to shutting down auto 
matically at time of failure. Besides learning the endur- 
ance limit of a spring element, this prevents the broken 
sections from further deterioration by additional cycles of 
vibration. Automatic shutdown aids in locating the area 
where the break actually started. This might not be possi- 
ble if continual rubbing after a break changed the appear- 
ance of a broken surface. 

With large specimens, continued vibrations after failure 
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might damage a shaker. For example, after breaking loose, 
a member might be flailing about, striking the shaker. 


A specific experience 


A test in which the shutdown trick was used successfully 
involved dynamic endurance flexing of a rubber shear 
spring. The spring was subjected to one-inch peak-to-peak 
displacement at 20 cps. To utilize a small shaker with 
limited force output, a mass was added to the rubber 
spring. This put the resonant frequency of the combined 
system at the test frequency of 20 cps. The force require- 
ment of the shaker was decreased because of mechanical 
buildup of the resonant system. As a result, only a small 
value of current was required to drive the shaker. 

Failure of the rubber spring dropped the natural fre- 
quency, and the resulting rise in current blew the fuse. 
Early designs of this spring were eventually tearing after 
many cycles because of gradual deterioration of the rubber. 
Since cycles were being accumulated rather slowly at 20 
cps, it was desirable to let the tests run overnight unat- 
tended. With the fused shutdown method, it was possible 
to do this and still determine the time to failure. 


Mathematical basis 


The mathematical basis for this shutdown method lies 
in the effect of the mechanical load on shaker electrical 
impedance. 

For current to increase as impedance decreases, the 
source of sinusoidal electrical power must be a low-imped- 
ance or constant-voltage source. Current will then vary 
as the load impedance varies. Conversely, if the source 
were an infinite-impedance or constant-current source, 
there would be no variation in the shaker current regard- 
less of what happened to the shaker impedance, and the 
fuse method would not work. However, most amplifiers 
and rotary supplies for shakers have sufficiently low 
internal impedance to be considered constant voltage 


sources. 
Choice of driving point 


Further consideration of the method shows that in large 
structure testing, as for example, a missile frame or airplane 
wing, care must be taken in choosing the driving point of 
the shaker on the structure. Place the shaker at the point 
of highest mobility. 

The method must be limited to a frequency region 
where the mechanical velocity is large enough to have an 
appreciable effect on the electrical system. If the frequency 
becomes high enough, the inductive portion of the im- 
pedance swamps the reflected mechanical impedance. In 
the average shaker system with ordinary damping factors, 
the fuse method will probably not work much above 200 
or 300 cycles. 


REFERENCE 
“Halting Resonance Tests at Failure,” by Donald McCluskey, 
Unholtz-Dickie Corp. Published in Environmental Quarterly, 
July ’60, p 12. 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 





From: International Management Digest 


GENERAL ENGINEERING 


VALUE ANALYSIS CHECKS DESIGNS FOR COST 


After the design engineer is through, the value analyst takes over. 


He saves more because he has direct responsibility and a questioning mind. 


Walue Analysis aims to make better products, cut costs 
and inventories by critically studying all the factors that 
go into cost. 

The talent for asking questions is more important to a 
good analyst than technical knowledge. His inquiry fol 
lows four basic steps: 

1. What is the nature of the part? 

2. What function does it perform? 

. What else would do the job as well or better? 

4+. What would it cost? 

Although an analyst usually tries to reduce cost, his 
concern for higher value sometimes leads him to urge 
replacement of a component with a more expensive one. 
I'he higher-priced component may perform the function 
more reliably or perform more functions. 


There is nothing new about the principles of Value 
Engineering. Under other names—Cost Analysis, Produc 
tibility, Cost Engineering, Engineering Cost Control 
they have been around a long time. What is new is th 
more organized approach and greater emphasis brought 
on by the proliferation of available materials, techniques 
and hardware. Someone has to be at least aware of them 
who can check on the design or production engineer who 
has his head crammed full of a different kind of knowledge 


REFERENCE: “Value Analysis: Cost Factors Go Under 
the Microscope.” Published in International Management 
Digest, Oct ’60, p 60. 








LESS COSTLY MANUFACTURING PROCESS 


STANDARD PARTS SERVE IN CUSTOM ASSEMBLY 


ton tamnina 


y 


BEFORE: Production costs AFTER: Analysis led to 
and material waste both 


BEFORE: When this aircraft 
component was machined 
from solid bar, waste ran 
high, part weighed too 
much. 


AFTER: Since value analy- 
sis, the part is stamped 
from sheet metal. No ma- 
chining is needed, weight 
is cut 40%. 


ran high when aircraft 
components were ma- 
chined from steel. 


combining aluminum tube 
and bushings with steel 
stampings — saving $6.45 
per part. 

















STANDARD COMPONENTS DO SPECIAL DUTY 


=) 
a 


BEFORE: This clamp bar 
for a diesel-electric loco- 
motive had to be mo- 
chined from bar stock, 
then drilled and tapped. 


AFTER: Now the clamp is 
made by welding two 
standard nuts to a stamp- 
ing, cutting costs 50%. 








NEW MATERIAL TAKES 


~ 


BEFORE: The beryllium-cop- 
per link for a business mo- 
chine had to be blanked, 
pierced, hardened, milled, 
bored. 


7 (C 
( 


~ 


AFTER: The part now is 
cast from Delrin plastic in 
a single step. Service life 
is increased, cost reduced 
80%. 
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From: Company bulletin 


FORCE-MEASURING SYSTEMS 


Illustrated are basic sources of errors in load-cell measuring systems. 


BERNARD H SHAPIRO 
Product supervisor 
Baldwin-Lima-Hamilton 
Electronics & Instrumentation Div 
Waltham 54, Mass. 


Whether a system is simple or com- 
plex, the sources of load-cell errors 
can be divided into two general cate- 
gories. 


The first category consists of the 
inherent errors owing to characteristic 
limitations of the load cell itself as 
specified by the manufacturer. 

Possible sources of error in this 
category include: 


1. Nonlinearity: ‘The relationship 
between output voltage and applied 
load is not directly proportional for 


each equal increment of load. 


2. Temperature: Change in tem 
perature affect the datum or slope 
of the calibration curve. 


3. Hysteresis: Increasing and de- 
creasing loading to the same point 
produces different outputs. ‘This dif- 
ference is the hysteresis. 

here are errors that mav arise even 


though the load cell is loaded in an 


A, Angular 


) 














ideal manner—a pure axial load cen- 
tered on the load-cell axis. 


The second category consists of er- 
rors owing to the system into which 
the load cell has been incorporated. 

Possible sources of errors here in- 
clude: 


l. Friction 

2. Thermal expansion or contrac 
tion 

3. Side loads and angular 
lig 1) 

+. Eccentric loads (Fig 2) 


loads 


These errcrs are not inherent in 
the load cell itself, and they can be 
controlled cr eliminated by proper 
system design. 

With side loads, it is customary 
to report the maximum percentage of 
error in P (axial load) produced by 
force F (side load) which is some 
percentage of P. For Baldwin-Lima 
Hamilton load cells, the error in P is 


P, Eccentric 
load 
é, 
Eccentricity 











less than 0.1% for a side force F equal 
to 5% of P. This provides an isola- 
tion of better than 50 to 1. 

This isolation is brought about by 
two steel diaphragms, which support 
the load cell’s measuring element. In 
the direction of applied load, the dia- 
phragms offer negligible resistance to 
load, but in the direction of side 
loads, by comparison, they are almost 
infinitely rigid. 

Although the load cells have an in 
herently high degree of resistance to 
side loads as provided by the dia- 
phragms, it is always desirable to in- 
stall the cell in the weighing system in 
such a way as to protect it from the 
adverse affects of side loads and eccen- 
tric loads. This is one of the criteria 
of good over-all system design. 


To minimize poor loading 


The most effective way of minimiz- 
ing poor loading conditions is to put 
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the lead cell in a load-strut arrange- 
ment as shown in Fig 3. The ideal 
type of pivot strut is one that trans 
mits only a force and no moment. 
For equilibrium, the forces of the two 
pivots must be equal and in the same 
straight line. Consequently, by plac- 
ing the axis of the load cell on the 
straight line joining the pivot points, 
the cell is isolated from both side 
loads and eccentric loads. 

However, all real pivots have some 
moment transmission. The effect of 
this moment on producing side forces 
on the load cell can be reduced by 
making the spacing L between pivots 
as long as possible 


Best pivots 


In general, pivots are usually flex 
ible elastic struts commonly referred 
to as flexures, Fig 3. This type of 
pivot is preferred for best system 
repeatability. 

A single load cell, properly isolated 
from side loads and moments, Fig 4, 
is incapable of providing any more 
than one of the six components of re- 
straint required to stabilize a body 
in space. To fully stabilize a body 
in space, six components of restraint 

-three forces and three moments— 
are required. This is impossible with 
a single load cell as such. 


Measuring single force 


However, if we are only interested 
in measuring a single component of 
force on a body in space (for exam- 
ple, the weight of a tank or the thrust 
of a rocket motor) the additional re 
straints can be provided through ad 
ditional pivoted strut, Fig 5. 


A 
force 
component 
measured 
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The important requirement of 
these restraining struts is that they 
should produce no errors in the force 
reading. This does not mean _ that 
the struts should exert no force in the 
direction of the measured force com- 
ponent. It does mean, however, that 
these forces should be _ repeatable, 
known, or calibrated. 


Ball-and-socket joints 


If the pivots in the restraining 
struts are bearings ef one type or an 
other, the friction in the bearing 
can produce errors in the measured 
force which are neither known, repeat 
able, nor calibrated. For example, a 
ball-and-socket joint under sustained 
high loads is subject to a high degre« 
of friction forces. Since ball-and 
socket joints have to be lubricated, 
loss of lubricant can present serious 
problems. If the lubricant is squeezed 
out, dries, burns out, or deteriorates 
in any way, the ball and socket will 
show the “stick and jump” characte1 
istics of a dry friction force 


Good design 


On the other hand, if the pivots 
ire elastic flexures, then the pivot con- 
tribution to the measured force is re- 
peatable and can be calibrated. This 
is typical of a completely elastic de 
vice. In good system design, it is cus 
tomary to keep the interacting forces 
between flexures small so that changes 
in temperature or changes in load in 
these flexures will not affect the orig 
inal load-cell calibration. 

Each of these restraining struts can 
be equipped with a load cell of suit 
able capacity. And from the readings 














* 


ol l > 


2 poirs 9O° apart 


of all these load cells, the state . of 
loading of the supported body can bx 


accurately determined 


Strut alignment 


Ihere is one other important point 
to be considered in the analysis of 
system accuracy. If the body upon 
which the force is being measured is 
subject to physical distortion, due to 
loading or thermal 


alignment of the support struts will bx 


expansion, the 


altered, Fig 6 
Minimizing errors 


In an arrangement shown in lig 6 
the inclination of force vector I 
due to AT would produce an error in 
the reading of force I Chis condi 


tion could be caused by thermal 
growth of the bodv being measured 

To reduce these interaction effects, 
it is common to make dimension I 
of the struts long relative to AT’. Care 
ful alignment is achieved in such sys 
tems by optical and by electrical meas 
urement using the load-cel] outputs 
"he latter is especially useful in mini 
mizing alignment interactions because 
the load cell will sense these inter 
action forces and provide an electrical 
output signal which can be observed 


REFERENCI 


“Factors Affecting Accuracy in 
measuring Systems,” by Bernard H. Sha 


Force 


piro. Published in Testing Topics, June 
60, Baldwin-Lima-Hamilton, Electronic 
& Instrumentation Div, Waltham 54, 


Mass 
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THE METRIC SYSTEM 
AND ENGINEERING 


If we eliminate the British system 
ind concentrate on the metric svstem 
the memory burden of numbers will 
be cut about in half. But if we are to 
take the metric system to our bosom 
let’s do so knowingly. It gives some 
practical advantage but is far from a 
panacea. 

A better job could be done by 
starting on the counting tables and 
offering an entirely new system of 


weights and measures compatible 
with transposing the decimal point by 
multiplying by eight or twelve instead 
of ten. 

Adopting the 


would bring many beneficial results. 


duodecimal svstem 
It would introduce some new compli- 
cations that would have to be resolved. 
But it would bring many fundamental 
ind lasting advantages. ‘The morc 
cumbersome counting tables impose 
additional mental loads—future gen 
crations might not appreciate the im 
position. Future portent, however, 
scems to be for a decrease in manipu 
lation of arithmetic and mathematics. 
[he age of the computer is on us and 
should relieve us of many chores that 
plague schoolboys, scientists and the 
practicing engineers. 

Energy Systems Engineering and the Metric 
System,” by Theodore Baumeister, Consulft- 
ing Engineer, Columbia University. Published 
in Power, July 1960, p 74. 


. 


Touch in design 


In the design of complex control 
panels, an operator is confronted with 


1 large 


and often confusing array of 
controls and displays. The importance 
of designing controls so that thev are 
readily identified and = distinguished 
has been borne out by documented 
survevs of accident causes 

The designer, in simplfving the 
operator's task, can use a number of 
techniques to help differentiate the 
various controls and their respective 
functions. Location and spacing of 


controls is one means of coding 


Another coding technique is to colour 
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the controls so that the operator learns 
to associate a certain colour with a 
given function. Still another coding 
device is to vary the size of the 
contro!s. 

‘Design for the Sense of Touch,” Enginering 


Materials and Design, Drury House, Russell 
Street, London, England, June 1960. 


7 


Test raethods for vinyl 


[his article 
status of a number of vinyl plastics 


reviews the current 
iest methods that are being developed 
or have been recently adopted by 
ASTM. Attention is primarily di 
rected toward methods applicable to 
flexible, plasticized compositions of 
polyvinylchloride resin. 

‘Advances in Vinyl Plastics Test Methods,” by 
J. B. DeCoste, Bell Telephone Laboratories, 
Inc. Published in SPE Journal, October 1960, 
p 1129 


* 


Drawing in 3-dimensional space 


Objects and phenomena that ex 
ist in three-dimensional space have 
conventionally been shown in two di- 
mensions because no other more adc 
quate A significant 
breakthrough now supplies the miss 


means existed. 


ing dimension and enables drawing 
in three dimensions. Improved com 
munication should result. 

Drawing in 3-dimensional space—displaying 
space and time dimensions,” published in 
The Tool and Manufacturing Engineer, 10700 
Puritan Ave, Detroit 38, Mich, January 1961. 


* 


Component reliability 


The most universally accepted 
measure of component part reliability 
is the failure rate or its reciprocal, 
the mean time between failures. Most 
companies maintain a set of basic 


failure rates for use in_ prediction, 
analysis, and logistics planning. A 
review of the basic failure rates used 
by different companies and on diffe1 
ent projects within the companies r¢ 


vealed a wide range of variations for 


j 

each component part. It is believed 
that this variation in failure rates is 
due to the manner in which a com 
ponent is applied in a circuit, the en- 
vironment in which it is operated, and 
the maintenance philosophy em- 
ployed. ‘These factors, in turn, en- 


different 
failure rates bv different users to the 





isis ago. < e  Ta 


courage assignment of 


same part. 


“Component Failure Rates Associated with In- 
stallation Environments,” D. R. Earles, The 
Martin Co, Denver, Colorado. Paper No. 15.1 
published in NEREM Record, Nov 1960, Insti- 
tute of Radio Engineers (Boston section), Boston, 
Mass. 


Gage blocks 


Stringent tolerances in Space Age 
components often exceed the limita 
tions of blocks. 
One good solution to this problem 
lics in the use of chromium carbide 
instead of steel as a gage-block mater- 
ial. In this article both materials are 


conventional gage 


discuss¢ d. 


“Gage Blocks for Measuring Millionths,” by 
George B. Webber, Webber Gage Co, Cleve- 
land, Ohio. The Tool and Manufacturing Engi- 
neer, 10700 Puritan Ave, Detroit 38, Mich, 
Nov 1960. 


* 


Instruction manuals 


Instruction manuals mav be classi 
fied as military or commercial, de 
pending upon whether or not they 
ire written and published according 
to military handbook specifications. 
Vhos« military in- 
struction manuals acknowledge the 
primary responsibility of making their 
work conform in format, organization, 
and content to the dictates of the 
Mil Spec. If the book does in fact 
conform the theory goes, it should 
serve its purpose adequately. Irom 
the military point of view, it is more 
important that all books be adequate 
than that some or even most be ex- 
cellent. No one can deny the prac- 
tical necessity of such a viewpoint. 

Commercial — instruction 
are totally different from their mili- 


concerned with 


manuals 
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Many commercial 
inadequate by 


tary counterparts. 
manuals are grossly 
military standards, and some far sur 
pass military books in content and 
presentation. ‘The absence of written 
regulations (except for a few company- 
prepared specifications) gives the pub- 
lisher of the commercial manual the 
chance to trv new techniques and, 
after some inevitable stumbling, to 
advance the state of the art. Un- 
fortunately, the absence of regulation 
also allows the publisher to produce 
rubbish. 

“The Commercial Instruction Manual,” F. T. 
Van Veen, General Radio Co, West Concord, 
Mass. Paper No. 24.2 published in NEREM 
Record, Nov 1960, Institute of Radio Engineers 
Boston section), Boston, Mass. 


Improve writing and 
speaking ability? 

It can: Increase your professional 
standing, benefit your organization, 
increase your income, obtain promo- 
tion, and increase your social stature. 

How can we abilitv to 
write and speak effectively? 


Increase 


We improve by study, planning and 
practice. Several of the best writers 
have practiced by writing thousands 
of personal letters. 

By observing results of our writing 
and speaking, we 
product just as we put our engineer 
ing models through tests, see what 
needs improvement, and then correct 


can improve oul 


the design. 

“How Can We Gain By mproving Our Writ- 
ing and Speaking Ability?’ R. Kendall, Ray- 
theon Co, Waltham, Mass. Paper No. 24.4 pub- 
lished in NEREM Record, Nov 1960, Institute 
of Radio Engineers, (Boston section), Boston, 
Mass. 


Nondestructive testing 


A discussion is presented of thc 
interrelation of nondestructive testing 
and weldment quality. The charac 
teristics of non-destructive 
testing methods to provide informa 
tion necessary for the evaluation of 
weld quality are reviewed briefly. ‘The 


several 
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views of several interested groups, as 
interpreted by the author, are consid- 
cred. 


“What the Welding Industry Requires From 
Nondestructive Testing,” Jay Bland, General 
Electric Co; Welding Journal, Sept ‘60, 20th 
and Northampton Streets, Easton, Pa. 


+ 


Fungus testing 


Ihe destructive nature of fungi is 
manifested in many wavs, some more 
critical than others. For example: 

(1) They may attack products, 
making them unsightly and leaving a 
significant objectionable odor. 
attack and deface 
labeling or other essential 
tional information 
product. 

(3) They may attack and lessen the 
tensile strength and durability of a 
product, causing it to fail short of the 
time indicated in endurance testing. 

(4) They may, in their metabolic 
activitv, emit organic acids that etch 
or in some way disfigure a wanted 
smooth or polished surface. 

(5) They may grow over the strain- 


(2) Thev may 
instruc- 
placed on a 


ing pores of filters, forming a closed 
mat to plug the filter pads. 

A-B-Cs of Fungus Testing,”’ by Frank E. Swa- 
tek, Ph.D. Staff Consultant, American Labora- 
tories Div, American Electronics, Inc., Fullerton, 


Calif. Published in Environmental Quarterly, 
January 1961, p 13. 


* 


Computers for process control 


he suitability of a digital computer 
for a particular control application de- 
pends on such factors as computation 
speed, logical and mathematical capa- 
bilities, input-output requirements, 
and reliability and maintainability. 
Integral and increamental computers 
each have inherent and distinctive de- 
sign and operational features; these 
play a significant role in the evaluation 
of computer suitability. 
Computers for Process Control,” by Edward 


L. Braun, Genesys Corp. Published in Mechan- 
ical World, July 1960, p 280. 


. 


A. 


Environmental testing 


Flora and fauna adapt themselves 
to their surroundings—or environ 
ment. Thus animals grow longer furs 
in the winter, and trees shed their 
But the things man makes arc 
They 


built to survive their mechanical en 


leaves. 
not so adjustable. must be 


vironment. 


‘Taking the Guesswork out of Environment 
Testing,” by Henry K. Growald, Chief of En- 
gineering Tests, Convair, Fort Worth Div. Pub- 
lished in Environmental Quarterly, July 1960, 
p 16. 


Human responses 
in communications 


Sensory perceptions of environ 
mental changes are a basic source of 
knowledge. Man’s greatest 
tual achievement is his ability to in 
terpret, evaluate, and inter-relate sen 


sory impressions, to formulate and 


intellec- 


record ideas in an orderly by unpre 
dicted sequence of meaningful sym 
bols, and to convey concepts to others 
by means of sense perceptory signals 
lhe various human senses respond to 
different kinds and 


Hence, informa 


stimulation of 
amount of energy. 
tion may be conveved bv variations 
of energy stimulating one or more of 
man’s senses. ‘To have meaning to 
those participating in the communica 
Variations 


tion process the energy 


must accord with some prearranged 
and generally understood sequence of 
svmbols generally expressed as a single 
valued function of time 

Information may be imparted b 
the spoken or written word, which 
are among man’s most ancient means 
of communications. During the last 
century the effectiveness of com 
munication has been substantially im 
proved by aural and visual techniques 
1 high degre 


requiring of sophisti 


ition and elaboration. Ilowever, th« 
over-all communication svstem 1S 
composed of two radically different 
kinds of elements. One of these is 
the human being having subjective re 


ictions to the energy stimulating his 


continued on page 45 
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A.W.FABER-CASTELL 
Pencil Co., Inc., Newark 3, N. J. 
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‘AW FABER CASTELL DRAWING LEAD 9030 


We asked engineers, architects, designers and draftsmen this 
question: “What irritates you most in a drawing pencil?” 


Many of them said, “A degree that suddenly 
changes its character. You start your draw- 
ing with a 2H. When it wears out, you reach 
for another 2H — but this one draws like 
a 3H.” 

This can never happen with CasTELL. Its 
grading is so rigidly controlled, you can go 
back to your unfinished drawing months — 
or even years —later, without any percep- 


tible change in line or color. It produces 
the same image density and sharpness of 
detail. No peas in a pod can match the 
consistent uniformity of CASTELL’s superb 
20 degrees, 8B to 10H. Draws perfectly 
on all surfaces, including CRONAR and 
MyYLar base films. Join the masters of 
your profession. Buy CASTELL, call your 
dealer today. 


#9800 SG Locktite Tel-A-Grade Lead Holder with no-slip, functional grip that's kind to tired fingers @ Bull dog clutch @ Unique degree indicator & 
Carries 2-year guarantee @ Castell Drawing Leads #9030, identical in grade and quality with world-famous Castell drawing pencil ™ Usable in all 
stondard holders, but perfect for Locktite @ 7B to 10H, and a kaleidoscope of colors @ 
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MASTER MULTIPLIER 


one thing in mind 
and very specific 
a very strong urge 


to be very prolific 


In our humble re ) up to 75 feet per minute. More: "900" 
reputatio is a mult é offers a major advance in whiteprint- 
overblowr ; pared tc ntmaster ing—new, sleeveless, scratch-proof 


developing, exclusive with Ozalid. No OZA LI z= 


slip sheets. No sealing sleeve. Further, WE REPEAT 


no costly electron tubes. And no OZAI!l iD 


comer | pase e rn 1ea\ 
comptrollers please not o heavy SHAG GF GENERAL ALINE 8 FA CORPeRATION 








investment. All Ozalid Whiteprinters 
can be bought, leased or rented without 
tying up capital. Like the 

saving story on “900°? V 

Printmaster 900. 8/9 reprodu 

Heavy du 


3 


giazo 1eria Ip t 2" 2. In c Remember: for b¢ 
pass. Without sticking at speeds Whiteprinters use Ozalid Paper and 
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de ae 
Mars products are available at better engineering and drafting 


} 
WONT SMEAR ON MYLAR -ERASES ON MYLAR 
Specifically designed to work perfectly on matte-surface drafting film the highest professional standards. Shown: Mars-Lumograph Duralar 


® . . ° 
= oe ° ye is the newest in the complete line of Mars fine draft- pencil and lead—avaiiable in five special degrees, K1 to K5; Mars-Duralar 
& products. All are imported from West Germany and are made to meet Technico with adjustable Duralar degree indicator; Duralar eraser. 


®@1.M. for duPONT’s Polyester film 
the pencil thats as good as it looks vi ae Pe s 


J.S. STAEDTLER. INC. 
HACKENSACK, NEW JERSEY 


12 CIRCLE 42 ON READER SERVICE CARD CIRCLE 43 ON READER SERVICE CARD—> 





INSTANT 
ENGINEERING 
DRAWINGS 


FASTER PRINTS MEAN FASTER PRODUCT DEVELOPMENT, 
FASTER PRODUCTION. Imagine locating a drawing or record 
in seconds. Imagine having a work-size print in just 8 seconds. 
All this, and more, can happen when your drawings and records 
are on microfilm . . . with FILMSORT® Aperture Cards and 
THERMO-FAX ‘‘Filmac’’ Reader-Printers. This is the way many 
companies are saving valuable engineering and drafting time, 
saving the cost of full-size print preparation, saving space, and 
saving print distribution costs. The cost? Far less than you 
would expect for such amazing efficiency. Find out now how 
you, too, can put microfilm to work—get Instant Engineering 
Drawings when you need them, where you need them—with 
3M Microfilm Products. 


3M MICROFILM 


cane PRODUCTS 


Pad > 
as 


3M Company Dept. FBN-941, St. Paul 6, Minn. 


Please send me information about Instant Eng 
neering Drawings 

NAME 

TITLE 

COMPANY 


ADDRESS 


THE TERMS “FILMSORT AND “THERMO FAK” ARE RE 


Miienesora (ffinine "E> 
anuracturine company See 


WHERE RESEARCH IS THE KEY TO TOMORROW 
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2 Time Savers 
from 


Non-infammable eye-ease 
plastic which permits tracing 





TRIANGLE 


ADJUSTABLE gree. 


any angle from 0 degree - 90 de- 
Graduations on arc so arranged 
that inner row of figures gives degrees 
of one angle; outer row of figures gives 
degrees of complimentary angle. Can be 
used for cross hatching and letter spac- 
ing. Only $3.00 





TEMPLATE 


Send for 
FREE Catalog 
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Low priced . . . only $1.50. Study trans- 
parent plastic. Beveled openings. Has 
hexes, circles and squares. One edge has 
6” scale in 16ths. Overall sixe 3%"x11”. 
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THE NEW TAPEWRIT 


HUNDRED NEEDS 


“How did we ever get along without it!” 
That’s what you'll say about TAPEWRITER. This 
handy tool creates handsome permanent labels with 
raised letters in contrasting colors on plastic— right 
now, on the spot! Any legend, any length, as fast as 
you can dial the letters. Self-sticking labels, to color- 


fully identify your equipment, switches, conduits, 


files—anything and everything! New users in every 
field find TAPEWRITER invaluabk 
Dymo for 


». Write or wire 


information—or may we give you a 


personal demonstration ? 


FIVE MODELS, FROM $24.95 


*, 4 
ra 





ae - iz 
Dept. PE-9 


PeEeCBSIraRtes ta ¢ 
2950 Seventh Street + Berkeley 10, California 
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+500°F »-100°F 
in SIX minutes 


Mh new 


DELTA 
TEMPERATURE 
CHAMBER 


Rapid temperature cycling without sacrificing precise con- 
trol (+ 2° F) is achieved with the Delta 1060F tempera- 
ture chamber. 

This convenient bench model can make the complete cycle 
between —100° F and +500° F in less than twelve 
minutes. 

An auxiliary timer Delta MR-1 is available for use in test 
work where automatic cycling is desired. 

For further information on the 1060F and other Delta 
temperature chambers, contact your local Delta represen- 
tative or write 


A 





MODEL 1060F 


3163 Adams Ave. 
San Diego 16, Calif. 
ATwater 3-3193 
TWX: SD 6488U 
Cable: DELTA 


ye 
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DESIGN ABSTRACTS..... . .continued 


senses. The other element is the in- 
animate portion of the system with 
which is associated the conversion and 
transmission of the sense-stimulating 
energy. Many remarks concerning 
properties of a generalized communi 
cations system will be found to apply 
equally well to engineering writing 
and speech. 

“Human Responses—A Vital Link in Communi- 
cations Progress,” B. Dudley, Advanced De- 
velopment Div, Laboratory for Electronics, Bos- 
ton, Mass. Paper No. 24.1 published in NEREM 
Record, Nov 1960, Institute of Radio Engineers 
(Boston section), Boston, Mass. 


+ 


Measurement accuracy 


The possibilities of improving the 
usefulness of a measurement instru- 
ment by considering the effect of the 
measurement accuracy on the esti- 
mated mean and variance of the 
measured quantity are discussed. 
Maximum likelihood theory is used to 
extract full information from a set of 
data with different degrees of accuracy. 
“Measurement Accuracy as a Weighting Fac- 
tor in Statistical Treatment of Data,” D. M. 
Aspinwall and J. F. Rey, Lockheed Aircraft Corp. 


¢nstrument Society of America paper 66-NY60, 
313 Sixth Ave, Pittsburgh 22, Pa. 


7 


The author discusses reactions of 

the body to cold, ways man counter- 
acts cold and body damage caused by 
cold. He concludes that no one can 
predict the exact result of exposure 
to cold. 
“Man in Cold Environment,” by S. M. Horvath, 
The Lankenau Hospital. American Society of 
Mechanical Engineers paper 60-WA-240, 29 
W 39 St, New York 18. 


+ 


Effects of heat on man 


The authors explain a system for 

rating discomfort in hot places. It 
is a calculated index for predicting 
human risk and need for correction 
and judging how well the corrections 
have worked. 
“Problems in Rating Severity of Exposures to 
Heat,” by H. S. Belding and T. F. Hatch, 
University of Pittsburgh. American Society of 
Mechanical Engineers paper 60-WA-232, 29 
W 39 St, New York 18. 


continued on page 46 
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Reduce valuable 
design time 7.3 . 


HMCOR’ STANDARD 
CABINETS 


Cut enclosure design time. Select your packag- 
ing needs from a complete line of standard and 
heavy duty EMCOR Cabinets. 

EMCOR MODULAR ENCLOSURE SYSTEM Cab- 
inetry provides for thousands of control center 
combinations. 

Choose from hundreds of EMCOR Cabinet 
widths, depths and heights offering an exclusive 
combination of engineered features. 

Engineered simplicity of basic frames and com- 
ponents affords quickest and easiest erection of 
control center assembly. 

EMCOR Cabinetry Engineers backed by the re- 
search and development ‘‘know-how"’ of the 
Roy C. Ingersoll Research Center set the pace 
for the packaging needs of electronics, instru- 
mentation and electro-mechanical engineers from 
coast to coast. 

Rugged frame construction surpasses all stand- 
ard requirements for increased load carrying 
capacities. 

Compatible cabinet design assures simplified 
and economical expansion at any time. 

EMCOR Cabinet manufacturing meets rigid qual- 
ity-controlled craftsmanship standards. 
Nationwide organization of EMCOR Sales- 
Engineering Representatives assist in planning 
stages and assure customer satisfaction be- 
yond the sale. 








Condensed Version of Catalog 106 Available Upon Request. 


Originators of the Modular Enclosure System 


INGERSOLL PRODUCTS 


Division of Borg-Warner Corporation 
1000 W. 120th ST. © DEPT. '240 e CHICAGO 43, ILLINOIS 
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meme FROM STACOR | 


G2) Conca tne 


Reig STACOR 


COORDINATE 


Modular interchangeability, combined with smart contemporary de- 
sign for maximum convenience and efficiency. STACOR-MATIC co- 
ORDINATE drafting units are equipped with ‘‘toe-touch”’ floating 
board controls; adjoining reference desks have color-harmonized 
plastic tops . . . all in double-walled lifetime steel. Available with 
left or right-hand reference drawers and pedal location. 


Write today for COORDINATE GROUP catalog showing entire series 
of desks, drawing and storage units. 
STACOR EQUIPMENT COMPANY (eo) 


Manufacturers of Lifetime Quality Drafting, Library & 
School Equipment 


291 Emmet Street, Newark 5, New Jersey 


LASTING 

RELIABILITY .. . 
ONE SENSOR DOES 
THE WORK OF MANY 


The Model 601 Rotiform Torque- 
PRODUCTION meter, with its infinitely adjust- 
INSPECTION apie range feature, permits 
LABORATORY observation of smaller torque 

increments at low torques and 
enables each sensor to cover a multitude of ranges. Over 
200 interchangeable sensors are available with maximum 
torque ratings ranging from .015 oz-in to 6000 Ib-in. The 
sensors detect torque at speeds to 65,000 rpm without 
physical contact with the rotating shaft. With factory 
calibration continuous display on the indicator is within 
2% accuracy of selected full scale reading. Features in- 
clude: simple compensation adjustment for ambient con- 
ditions and internal aging; sensor range changed at panel 
without calibration; sensor design permits either base- 
mounting or overhung end-mounting; solid state electronics. 


ROTIFORM. 
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DESIGN ABSTRACTS continued 


Merit rating engineers 


Describes system of rating enginect 
ing personnel based on a combination 
of assigned level of responsibility and 
a method of evaluating individuals’ 
quality of application to their respon- 
sibilities. 

“New System of Merit Ratings”, K. D. Holland. 


Mechanical Engineering, Dec 1960. ASME, 29 
W 39th St, New York 18. 


+ 


German-English 
kinematics glossary 

This glossary was developed because 
a substantial part of the ever-growing 
literature on kinematics is of German 
origin. Designed to be used in con- 
junction with one or more of the 
standard German-English general dic- 
tionarnies. 
“Kinematics—A German-English Glossary”, Har- 
tenberg (Northwestern University) and Good- 


man (General Electric). Mechanical Engineering, 
Dec 1960. ASME, 29 W 39th St, New York 18. 


+ 


Metric conversion—con 


This paper summarizes a number 
of the technological and other argu- 
ments against conversion of the pres- 
ent US system of measurement to the 
metric. 


“Physical Standards and Units of Measure- 
ment’, R. P. Trowbridge, general Motors Corp. 
SAE paper 287B. SAE, 485 Lexington Ave, New 
York 17. 


+ 


Hardness of polymeric materials 


The hardness of a polymeric ma- 
terial is usually evaluated by observing 
the distance of indentation and re- 
covery which occurs when a penetra- 
tor is forced into a flat surface and 
then released. In order to compare 
materials, the results of such hard- 
ness measurements are then recorded 
according to the prescribed hardness 
scales. This paper shows how the re- 
sults of hardness tests can be inter- 
preted in terms of the basis stress- 
strain behavior of the material. 
“Hardness of Polymeric Materials,” by Eric 
Baer, R. E. Maier and R. N. Peterson, E. |. 
duPont de Nemours and Co. Presented at the 


17th Annual Technical Conference, SPE, 65 
Prospect St, Stamford, Conn. 


continued on page 48 
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CLEARPRINT CHARACTERISTICS 


CLEARPRINT 
Tracing papers have served the Engineering and Archi- 
tectural Profession since 1933 — and the oldest tracings 


still serve our many friends today — as they have served 


for over 27 years. Clearprint Papers are watermarked for 
9 your protection. 
UNIFORMITY 


The Unchanging Character of CLEARPRINT papers in- 


cludes an ideal Ink and Pencil Surface — Permanent 

Transparency — Outstanding Erasing as well as Han 

dling — Reproduction and Lasting Qualities. CLEAR 
s PRINT does not discolor with age 


ERASING QUALITIES of ink and pencil lines 


Drawn and redrawn in the same areas — prove 
CLEARPRINT’S unequalled erasing strength — Please 
hold our erased samples to the light — and be convinced 


PRINTING, HANDLING, 

AND LASTING QUALITIES 

The files of our many friends prove that CLEARPRINT 
originals are not subject to cracks and creases — they 


vield copies of fine definition 


CLEARPRINT’S VALUE TO YOU 


The small amount supposedly saved by buying a cheaper 
paper — is surely of minor significance when com 
pared to the value of the drawings involved 


WE RECOMMEND 


No. 1015 for Transparency 
No. 1000H for Regular Tracing 
Nos. 1020 and 1025 Replace Tracing Cloth 


Z cam @ Please ask for samples 
ei LE A R PUN T PCS SS SS SSS SSS ee Ree | 
i 


CLEARPRINT PAPER CO. PE-1761 
1482 - 67th St., Emeryville, Calif. 








“FADE-OUT" PAPER 
TECHNICAL PAPER 
FORMS « CHARTS « GRAPHS 
“PRE-PRINT” PAPER 


THERE IS NO SUBSTITUTE 
Clearprint is Watermarked For Your Protection 


Send me Clearprint Fade-Out samples, with prices, for the 
following uses: 
Name 
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DESIGN ABSTRACTS.... continued 


Learned in the test lab 


Environmental test laboratories, 
both independent and in-company, 
accumulate a lot of data and experi 
ence of value to equipment designers. 
Yet objectivity that is demanded of 
them may be compromised if they 
offer design advice. ‘This article at 
tempts to communicate some of the 
more widely applicable lesson learned, 
particularly with respect to vibration. 
shock and acceleration, temperature. 
humidity, altitude. 

“Designing for Qualification”, William Tanko- 
wich, Associated Testing Laboratories. Inc. En- 
vironmental Quarterly, Jan 1961, 252-46 Leeds 
Road, Little Neck 62, NY. 


Free engineering advice 


Describes advantages and disad- 
vantages of engineering services pro- 
vided by suppliers. 

“Free Engineering Costs You Money”, Walter 
Irwin, Metal Atomizing Corp, Design Engineer- 


ing, March 1961, 481 University Ave, Toronto 
2, Canada. 


Applying the strain-gage 
torque transducer 

In measuring torque, many ad- 
vantages can be realized simply by 
applying strain-gage torque transduc- 
ers. What are these units and what 
can they do? How, and under what 
circumstances, are they better? ‘These 
topics and others are discussed. 
“Applying the Strain-Gage Torque Transducer”, 
H E Lockery, Baldwin-Lima, Hamilton Corp. ISA 


Journal, March 1961, 313 Sixth Ave, Pittsburgh 
22, Pa. 


Man versus instrumentation 


Management, in its quest for profit 
an absolute requirement for business 
survival), is constantly confronted with 
an evaluation problem—man_ versus 
instrumentation. ‘Today, more than 
ever before, instrumentation is get 
ting the nod. 

It is not surprising that manage- 
ment is turning to instruments rather 
than individuals for most steps in 
process control. Instruments simply 
do a better job! In fact, it probably 
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would be impossible to run a modern 
chemical plant without instruments, 
regardless how much manpower were 
available or how much money one 
might be willing to pay. 

“Man Versus Instrumentation,” by R. W. Rotz- 
ler, Superintendent, Quality and Control, Mon- 


santo Chemical Co, Texas City, Texas. Pub- 
lished in ISA Journal, July 1960, p 73. 


Time-series charts 

Time-series charts are a family of 
charts that engineers have found to be 
increasingly useful in recent years. 
Until a short while ago, these charts 
had been of use mainly to technically 
trained but non-engineering §special- 
ists, such as economists, statisticians 
and financial analysts. 

The time-series chart (or graph) is 
an historical record showing the course 
of events. This chart is continually 
useful as a record of events over a 
period of time. Frequently time-series 
charts are useful also as a means of 
analysis and projection. Unlike scien- 
tific graphs, they do not present direct 
evidence of physical laws in action, 
but they are a valuable—and often 
necessary—adjunct to many scientific 
and semiscientific endeavors. 

“How to Make a Time-Series Chart,” by Ken- 
neth W. Haemer, Supervising Statistician, 
American Telephone and Telegraph Co. Pub- 


lished in The Magazine of Standards, Aug 
1960, p 236. 


Engineering curriculum 
examined 


There is continued agitation fo1 
changes in the curriculum, funda- 
mental changes involving the philoso- 
phy on which the curriculum is set up. 
What does industry ask of the me- 
chanical-engineering graduate? The 
article discusses these points. 

“Let's Examine the Engineering Curriculum,” 
by E. H. Case, Deere & Co, Moline, Ill. Pub- 


lished in Mechanical Engineering, October 
1960, p 63. 


Testing small tubing 

This article compares eight nonde- 
structive testing methods—visual, bor- 
oscopic, eddy current, dve penetrant, 


magnetic particle, ultrasonic, radio- 
graphic, and hydrostatic—which can 
be employed to locate defects in tub- 
ing nondestructively. Though eddy- 
current testing is considered to be the 
most versatile method in present use, 
no one test can give a complete 
answer by itself. Only the proper 
combination of tests will tell the 
whole story 

“Nondestructive Testing of Small Tubing,” by 
J. R. Griever, and A. M. Bounds, Metallurgical 
Dept, Superior Tube Co., Norristown, Pa. Pub- 


lished in Metal Progress, December 1960, p 
111. 


Reliability testing 

Easy-to-use ‘break-even’ charts help 
management predict the economic 
impact of adding equipment and 
personnel, of cutting prices or increas- 
ing costs, and of changing service OF 
product mix. ‘They can guide mar- 
ginal pricing policies and generally 
point up the quality of decisions that 
result in success of failure in the com- 
petitive environment. 
“Reliability Testing for Managerial Decisions,” 
by Spencer A. Tucker, Partner, Martin & Tucker, 


Engineers, Little Neck, NY. Published in En- 
vironmental Quarterly, Oct 1960, p 24. 


Measuring acceleration 


Accelerometers measure the force 
needed to prevent a so-called proof 
mass from being accelerated relative to 
the case within which it is mounted. 
Force and acceleration are propor- 
tional and of necessity in the same 
direction. The simplest instruments, 
basically involve restraint of linear 
motion of the proof mass. A second 
class of accelerometers consists of pen- 
dulum-type devices in which a pivot 
converts linear motion to angular mo- 
tion within the instruments, but the 
pendulum and its instrumentation are 
not as well understood as the linear 
accelerometer. 

The most sensitive accelerometers 
are the gravimeters used in geodetic 
measurements of the earth’s gravity 
field. Here sensitivities of one 10- 
millionth of the value of g are com- 
mon, though rarely exceeded. Naviga- 
tional accelerometers seldom display 
sensitiveness even one-hundredth as 
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«+. at a fraction of the usual redrawing time and cost! Now you can 
transform tired-out, tattered originals into crisp, legible drawings again. 
You can do it quickly and easily, too, without costly, tedious redrafting— 
simply by making ‘‘second originals’’ on Du Pont CRONAFLEX® Direct 
Positive Film! 

Drawings wrinkled and dog-eared from repeated handling... yellowed 
and dirty with age? CRONAFLEX makes them like new again, adding the 
extra benefit of durability! And you can do the whole job in a single, easy 
step because CRONAFLEX Direct Positive Film requires no negative! Modi- 
fications can be made at any time, thanks to its excellent drafting surface. 

Direct Positive is just one of Du Pont's complete line of CRONAFLEX Engi- 
neering Reproduction and Drafting Films. To learn more about these 
products and how they can make your operation more efficient, clip and 
mail the coupon today. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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Dail Holes! | 


E. 1. du Pont de Nemours & Co. (Inc.) 

Photo Products Department PE 9 
Wilmington 98, Delaware 

in Canada: Du Pont of Canada, Ltd.. Toronto 


Please send me, with no obligation, com. 
plete technical data on CRONAFLEX Direct 
Positive Film plus detailed information on 
the entire CRONAFLEX line. 
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includes Wooden Case 


from $41.85 
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adjustable dial $38.85 





GUARANTEED ACCURACY TO 0.001” 
ELIMINATES READING ERRORS 
SIZES 6”, 8”, 10” 


STAINLESS STEEL MODELS AT SMALL 
ADDITIONAL COST 


VERNIER Model 19050EK5 
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from $18.20 - 


Includes Leather Case ° 


EASIER READING WITH DOUBLE VERNIER 
NO EYE STRAIN—DULL CHROME FINISH 
GUARANTEED ACCURACY TO 0.001” 
STAINLESS STEEL 


~> Send for NEW catalog of over 100 Helios Precision Measuring Instruments 


- smo KARL A. NEISE, Inc 


408 PARK AVENUE SOUTH, NEW YORK 16, 











Here Is Your New 
Wabash Hydraulic 
Laboratory Press Catalog! 








Covers the most complete line and the 
most soundly engineered hydraulic 
presses in the field. Models from 12- 
ton to 100-ton capacity. For tests or 
small production runs involving com- 
pression, crushing, forming, molding, 
laminating, imbedding, etc. Platens 
electrically heated. Manually operated 
and motorized models. Send for your 
copy today, giving your title. 


WABASH METAL PRODUCTS 
COMPANY 
1582 Morris Street 
WABASH e INDIANA 


IN THIS ISSUE— 
A NEW 
READER SERVICE 


A new, easy way for you to 
get suppliers’ catalogs and bul- 
letins—more than 1500 of them 
—indexed by product and al- 
phabetically by company name. 
An exclusive PRODUCT ENGI- 
NEERING service. 


THE DESIGN ENGINEERS’ 
PRODUCT CATALOG INDEX 


THIS NEW INDEX 
STARTS ON PAGE 599 
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DESIGN ABSTRACTS 


good, while linearity is at least another 
order of magnitude poorer again. But 
navigational accelerometers cover a 
range of about 100,000 to 1, while 
gravimeters have a range of about 100 
to 1. Thus the ultimate performance 
of accelerometers in general involves 
a tradeoff between sensitivity and lin- 
earity on one hand and range on the 
other. 


“17 Ways to Measure Acceleration,” by Horton 


B. Sabin, Arma Division, American Bosch Arma 
Corp. Control Engineering, 330 West 42nd St, 
New York 36, NY. February 1961. 


How to present an idea 


Idea presentation is not simple, 
rigid, or especially predictable. 

Where as a machine or process 
will have control and _ instrument 
centers which accurately show where 
and to what degree manfunctioning 
exists, “man-to-man” talking has no 
such aids. 

When the engineer tries to tell “the 
other fellow,” he’s on his own. No 
dials! No circuit breakers! No aids! 

Here he’s probably more uncom- 
fortable than any other specialist be- 
cause he cannot test the situation to 
see how it’s going! 

Tape recordings of engineers trying 
to tell management what would be 
accomplished if their recommenda- 
tions were followed have been made 
by the author’s company. Reruns of 
these tapes have been most instructive. 
Time after time verbal impasses de- 
veloped. Time after time there was a 
“bogging down” over a_ technical 
phrase in a layman’s discussion. 

“How to Present an Idea,” by E. J. DeWitt, 
President, Wallace Supplies Manufacturing Co, 


Chicago, III. Published in Mechanical Engineer- 
ing, Oct 1960, p 51. 


Under-specification 


While less common, under-speci- 
fication also accounts for some of the 
mistakes in laminate specification. 
This often results from a wish to save 
money on material costs without in- 
vestigating further to see what effect 
this will have on production costs. 
Sometimes, purchase of a more ex- 
pensive material will actually cut costs. 
For example, you can save on the 
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Refer to any drawing in seconds 
with the Recorpak Film Reader 


SRECORORK 


(Subsidiary of Eastman Kodak Company) 


F 
originator of modern microfilming 
— now in its 33rd year 


: IN CANADA contact Recordak of Canada Lid., Toronto 
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RECORDAK Precision Microfilming more than meets 
DOD requirements of 120 lines per mm resolution 
at 30 to I reduction ratio! 


Your drawings, blueprints, and intermediates—nega- 
tives or positives—are reproduced as needle-sharp 
images with remarkably uniform backgrounds on low- 
cost 35mm film. Mounting these superb reproductions 
on aperture cards gives you a drawing file that’s as 
dependable as it is automated! 


Makes reference easier! Your microfilms when viewed 
in Recorpak Film Reader are sharp and clear from 
top to bottom, side to side. Even the smallest detail is 


easy to see! 


Makes ‘‘printmaking’’ easier! These superior micro- 
film pictures also assure sharp and clear enlargement 
prints. They can be made directly from aperture cards 
by low-cost photographic, xerographic, or electrostatic 
methods. Duplicate “‘microfilm’” cards for branches, 
vendors, other government agencies can also be made 
for pennies apiece. 


Free booklet gives more details on RecorDak Precision 
Microfilming System available through Recordak and 
its nation-wide dealer organization. 


eeeeseees MAIL COUPON TODAY*+*eeeeeee6 
RECORDAK CORPORATION 
415 Madison Ave., New York 17, N. Y. 
Gentlemen: Send free booklet describing new Recorpak 
Engineering Drawing System. No obligation whatsoever. 
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16mm High Speed Motion Picture Camera 
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NEW PICTURE QUALITY 
Superb Resolution 


Color or Black & White NEW VERSATILITY 


Variable Speed Range 





Flat Speed Curve 
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Years Ahead in 
Design and Performance 


A high speed camera with large film capacity .. . 
with a variety of speed ranges and high resolu- 
tion has long been wanted by industry, the mili- 
tary and the government. The FASTAX WF-30 
fills all these requirements and more. Darkroom 
loaded, ““T’”’ core, the magazine holds sufficient 
film for most studies. Camera versatility is an- 
other key feature. Variable speed range, con- 
trolled by a solid state loop servo device . . . rapid 
acceleration with flat speed curve within +4% 
selected rate ...start-stop capabilities. Superb 
resolution over entire frame re- 
sults from excellent lens system 
and a sector shutter between 
rotating prism and focal plane. 
WRITE for complete informa- 
tion and prices on WF-30.. . 
the newest FASTAX in the 
wide line of Wollensak high 
speed motion picture cameras. we-32 
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GROWN UP! 
PRICED DOWN! 


The all new VEMCO 33/20”. A precision drafting 
machine capable of accommodating drawings as 
large as 34” x 44”, Combining much of the 
versatility, convenience and precision workmanship 
of America’s finest drafting machines, yet Priced 
At Only $59.50, subject to quantity discounts. 


Also available—the Model 3300 
with special disc brake and automatic 15° 
indexing —slightly higher in price. 


Write now for new 4-page descriptive brochure. 
V. & E. MANUFACTURING CO. 


766 So. Fair Oaks Avenue 
Pasadena, California 
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DESIGN ABSTRACTS continued 


purchase price of laminated _ plastic 
gear blanks by changing from a Grade 
C (canvas-base) laminate gear blank to 
Grade L, a more expensive cotton- 
linen base phenolic. The reason; 
Grade C had to be sawed (flycut) into 
blanks while Grade L_ could be 
punched into blanks, with no problem 
of holding tolerance and with less 
subsequent cleanup required. 

“Common Mistakes in Specification of Lam- 


inates,” Laminated Plastics Selection Guide, 
Taylor Fibre Co, Norristown, Pa. Part A. 


Fresh water from salt water 


It is important for all engineers to 
understand water problems and to 
appreciate the various alternative solu- 
tions. By 1980 the predicted demand 
for fresh water (597 billion gpd) will 
exceed the dependable available natu- 
ral waters (515 billion gpd). If our 
economy is not to falter, saline-water 
conversion will have to receive in- 
creased attention. Methods are: The 
long-tube vertical type of evaporator, 
multistage flash distillation, electro- 
dialysis, forced-circulation vapor com 
pression, and freezing. 

“Fresh Water from Salt Water,” by Allen Cy- 
win, U. S. Dept of the Interior, Washington, 


D. C. Published in Mechanical Engineering, 
October 1960, p 57. 


Thermosetting polymers 


The use of thermosetting polymers, 
often under conditions of high tem- 
perature, is rapidly increasing; but 
information on their thermal stability 
is very limited. Experimental results 
of electro-thermal analysis are _pre- 
sented, together with conclusions 
drawn from the analysis. 
“Electro-Thermal Analysis of Thermosetting 
Polymers,” by R. W. Warfield, Non-Metalic 
Materials, Div, Chemistry Research Depart- 
ment, U. S. Naval Ordnance Laboratory. Pre- 
sented at the 17th Annual Tech>ica! onference, 
SPE, 65 Prospect St, Stamford, Conn. 


Maxima, minima problems 

One of the most useful applications 
of the differential calculus is in the 
determination of maxima and minima, 
but in the solution of practical prob- 
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Tilting 
Action 
Completely 


Balanced! 


DESK-O-MATIC 


Adjustable springs on the tilting quadrants of the May- 
line Desk-O-Matic and May-O-Matic drafting tables 
give the draftsman a constant smooth change in angle 
position of the drafting top, despite any accessories 
that might have been added to the top edge. 








MAYLINE 
INNAVW 


For additional information on this important top tilt 
control factor, inquire of your local dealer or write to 
factory. All inquiries answered promptly 


MAYLINE CO., INC. 


Sheboygan, Wisconsin 


MAY-O-MATIC “'C’’ COMBINATION 
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PRINTED CIRCUIT 
BY-BU DRAFTING AIDS 


Time Saving Shapes and Narrow Tape for 
Making Printed Circuit Master Drawings 








Black non-stain, non-smudge narrow 
tape in 15 or 60 yd. rolls from 
1/32” wide. Also red translucent 
and black on white. 
WRITE FOR HANDY CROSS REFERENCE 
CHART, PRICE LIST AND FREE SAMPLES. 


BY-BUK COMPANY 
4314 WEST PICO BLVD. + LOS ANGELES 19. CALIF 


Same Day Shipment is Our Usual Service 


“KWIKY-DOT” overlapping Donuts 

and solid Discs for quick and easy 
application. ; 
Pressure-sensitive Teardrops, } 
Twin Pads, T’s, and Corners. f 
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TABLE-TOP ROCKETTE has all the performance 
features of the floor stand model: three printing speeds, 
each with automatic developer control. 


for the company or department that “‘couldn’t 
afford” a big-production whiteprint machine. 
You can now! These new Rockettes start 
below $1600. Yet look what they offer— 
compare what they offer with any other 
whiteprinter made: 


cs , ROCKETTE 
e Full 42” printing width. FLOOR STAND 


: . a provides deep, 
e Your choice of wattages and printing speeds: roomy storage area 


30, 40, or 60 watts...15, 25, or 35 fpm. mertnrtetden ote. 


material supplies. 
Revolute’s exclusive perforated roller de- 
veloping unit. Shortens print travel, saves 
ammonia. Assures fast print return, uniform 
print quality. PERFORATED ROLLER DEVELOPING UNIT 


. - ...a Revolute exclusive. ..assures uniform print quality 

Automatic developer control. The Rockette ate ager —— 
ast print return, 

has an automatic pump as standard equip- 


ment. 


e Table-top or floor stand model, as you prefer. 3 , Petes” 
If you know Revolute, you know it stands I te 
for the very best. Yet here is this new Revolute 
Rockette, priced with the very lowest! For 

the full story of specifications and costs — 

simply mail the coupon. 


CHARLES BRUNING COMPANY, INC. 
1800 West Central Road, Mt. Prospect, Illinois PE-9 


For better prints and copies. PARAG ON és ts se In Canada: 103 Church St., Toronto 1, Ontario 
. as & fe [_] Please send further information on your new Rockette whiteprinter 
REVO LUTE oF aft [_] Please have a sales representative contact me 
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Company 
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DESIGN ABSTRACTS continued 


lems the best approach is not always 
known. For example, it is not usually 
appreciated that partial differentia- 
tion (which is not as difficult as it 
sounds) may shorten the calculations. 
This article discusses the best method 
of solving problems in maxima and 
minima and evolves certain new prin- 
ciples. 

“Shortcuts to Maxima, Minima Problems,” by 
W. H. Sheppard. Design Engineering, Septem- 


ber 1960, 481 University Ave, Toronto 2, 
Canada. 


Detecting flaws 

The days when sample, or suspect, 
castings, etc., had to be cut up and 
destroyed in checking for blowholes or 
other internal defects have passed—nor 
are methods of destructive testing 
good economics under present pro- 
duction conditions. Non-destructive 
flaw testing techniques have developed 
from the radiograph to embrace fluor- 
oscopy, now available as a_ practical 
industrial technique, and ultrasonic 


testing which lends itself, in particu- 
lar, to fully automatic operation if 
necessary. Magnetic particle testing, 
however, still retains its place and all 
four methods are evaluated in this 
article. 

“The Scope of Flaw Detection,” published in 
Mechanical World, July 1960, p 288. 


_ 


Mistakes in specifying laminates 


The most common form of incor- 
rect specification of laminates is over- 
specification. Frequently this stems 
from insufficient knowledge of the 
basic characteristics of laminated plas- 
tics and vulcanized fibre. As a case in 
point, the dimensional] stability of 
two different materials is often 
thought to be inversely proportional 
to their water absorption, but this is 
not necessarily true. To illustrate, 
Grade XXP (a strong paper base- 
phenolic resin laminate) has greater 
water absorption than Grade XXXP 
(an electrical grade with higher resin 
content, yet the difference in dimen- 
sional stability between the two is 

















Roll Files in 4-tube units 
can be stacked into a sin- 
gle bank of any capacity. 

ake sheets up to 60” wide. 


PLAN HOW 


VERTICAL AND 
ROLL FILES 


the efficient, cost-saving business 
tool for all who use plans, prints, 


drawings, maps. 


PLAN HOLD Files have many ad- 





often neglible. For this reason Grade 
XXXP should not be specified just to 
achieve greater dimensional stability, 
although it may well be preferred for 
other reasons. 

Another frequent over-specification 
is for higher electrical insulation than 
is needed. A material may have all 
the desired properties for an applica- 
tion except that its insulation proper- 
ties may be thought too low. In 
such cases, a change in design may 
make the insulation value acceptable. 

Sometimes, too, exceptionally high 
solder resistance—as much as 20 
seconds immersion in a solder bath— 
is specified, even when the compo- 
nents soldered to the printed circuit 
won't stand an immersion for this 
length of time. Solder resistance at 
six or seven seconds immersion time 
is ample for every known printed cir- 
cuit application. In any case, the 
solderability of a copper-clad laminate 
is affected by the coating, and sub- 
sequent removal, of acid-resist used in 
making the printed circuits, so that 
concern with the solderability of the 
original copper surface tends to be 
academic. 


vantages — 

@ They make systematic filing easy 
and provide positive identification, 
thus reducing clerical time. 


@ Loss and damage are eliminated, 
saving further overhead expense. 
Sheets are wrinkle-free, ready for 
immediate use or reproduction. 
Wide choice of space-saving models 
and sizes to meet your immediate 
needs and allow for expansion. 
Made of structural steel or alumi- 
num for years of use. 


PLAN HOLD Files are sold by lead- 
ing engineering supply and office 
equipment dealers everywhere. Look 
for PLAN HOLD in your Yellow 
Pages under Filing Equipment or 
write direct for literature and name 
of dealer. 


PLAN HOLD CORP. Dept.S 


5204 Chakemco St., South Gate, Calif. 
251 South River St., Aurora, Illinois 


Steel Cabinets for vertical 
or roll files integrate with 
standard drawer files. 


Rolling Stand File speeds 
use, glides on balibearing 
casters wherever needed. 
1200 sheet capacity. 


Wall Rack File mounts out 
of the way. Takes 1200 
sheets in only 24 inches. 
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METALS 
AND ALLOYS 


MATRIX STRUCTURE OF GRAY IRON 
by John F Wallace 


A BETTER ACOUSTICAL BARRIER—LEAD SHEET 


A BEND TEST FOR TOUGHNESS 
by Dean K Hanink and Geo R Sippel 


DON’T OVERLOOK POWDERED METAL PARTS 
NICKEL-BASE ALLOYS: WHERE AND HOW TO USE THEM 


DESIGN ABSTRACTS 


TRENDS: 


@ Strangely, we have much to learn about even the most common metals— 
particularly for nuclear, high-temperature, and high-stress environments. But 
much progress is being made. Stainless steels can be heat-treated to tensile 
strengths in the 280,000-psi range. Ways are being found to increase the stress- 
rupture properties of iron-manganese-aluminum and other heat-resistant, oxi- 
dation-resistant alloys. Ultrahigh-strength wire is becoming available on a 
commercial basis. 

Big emphasis in the next few years will likely be less on finding “new” exotics 
than on ways to increase formability and producibility of metals and alloys now 
available. Metals like beryllium and titanium have shown ability to solve design 
problems insofar as weight and strength are concerned. But they still pose pro- 
duction problems. Look for a combination of new forming techniques with 
minor but significant alloying additions. 

Important to users of metals will be developments in related materials that 
may indicate a shift in emphasis. Already, new plastics are challenging metals 
in gears and bearings. Nonmetals like graphite are heading for hi-temp use. ®& 
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MATRIX STRUCTURE OF GRAY IRON 


—and how to control it for castings with specific properties. 


JOHN F WALLACE 
Associate professor, Metallurgical Engineering 
Case Institute of Technology 


Orn three-quarters of all metal castings produced in this 
country are made of gray iron. One reason is low cost 
I'he rest of the story is in the wide range of properties 
available by controlling the graphite and matrix structures. 
Che matrix is all the metal that surrounds the graphite, 
and it accounts for most of the grav iron. But before 
going on to the matrix, let’s take a brief look at graphite 
After all, if it weren’t for graphite, grav iron wouldn’t be 
gray. Graphite will form in grav iron and not in steel 
because of two reasons: (1) Gray iron contains 2.2 to 
4.5% carbon compared to the 0 to 1.75% in steel; (2 
gray iron contains more silicon than steel. Silicon promotes 
the precipitation of the high carbon content into graphite. 
Ihe practical benehts of graphite are better machinability, 
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shock absorption, and lubrication—but at the price of 
lower strength and ductility. 

All the properties of the matrix depend on temperature, 
composition and cooling rate. Three diagrams explain theit 


effects. 


Temperature—equilibrium phase diagram 


Within each area of the diagram the matrix slowly takes 
the form marked stable. Normally, castings cool too 
quickly for this to happen. Instead, the casting matrix 
forms the intermediate structure. At still faster cooling 
rates the matrix forms the unstable phase. 

Now trace the changes as liquid gray iron cools. When 


temperature drops below E the metal solidifies into austen- 
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WHAT IS IN THE MATRIX \ 
Cementite—tron carbide, Fe,C. It \ 


Austenite 


Cooling curve for 12" dia 
Eee. a cooled in mold 





is the hardest, most brittle con- HW 
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stituent. 

Martensite — Ferrite supersatur- 
ated with carbon in solid solu- 
tion. It is hard, strong and 
brittle. 
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Bainite—Fine distribution of car- 
bides in ferrite with a feathery 
to needle-like appearance. It 
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is softer but tougher than mar- 
tensite. 
Pearlite — Alternating layers of 
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ferrite and cementite. It is 
softer and more ductile than 
bainite. 
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Austenite — Face-centered cubic 
iron (gamma iron) with carbon 


Temperature, F 


in solid solution. 





Ferrite—Body-centered cubic iron 
(alpha iron) with carbon in 
solid solution. It is the softest 
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ite and graphite. Further cooling pushes carbon out of 
solid solution in austenite onto the graphite flakes. The 
percentage of carbon in the austenite drops along the line 
EC to a low of 0.60% at C. 

When the temperature falls below line CD, most of the 
austenite changes to ferrite, and since ferrite cannot hold 
much carbon in solid solution, more graphite forms. At 
normal cooling rates for castings, very little austenite 
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10 10° 


Time, sec 


changes to ferrite before the temperature drops below the 
lower critical temperature AB. 

At subcritical temperatures the remaining austenite 
changes to ferrite and graphite. In this temperature range 
the graphite flakes already present promote the austenite 
breakdown, the fastest conversion taking place at 100 deg 
F below the lower critical. Rapid cooling rates, lower car- 
bon and silicon content and carbide stabilizing agents, such 
as chromium, molybdenum or vanadium, reduce or com- 
pletely prevent formation of ferrite. 


Composition—Maurer diagrams 


Maurer diagrams show how increasing amounts of carbon 
and silicon produce more ferrite and less pearlite in the 
matrix. Each diagram applies only for one specific cooling 
condition, usually for a 1.2-in.-dia bar cooled in a dry sand 
mold. 

As temperature drops, austenite that does not change to 
ferrite and graphite will form pearlite, bainite or marten- 
site or a combination of these. Unalloyed gray iron nor- 
mally cooled will form pearlite, except in the thinnest, 


fastest cooling sections. Alloy irons or irons that are 
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quenched from the austenitic temperature range form 
bainite and martensite. 


Cooling rate—TTT diagram 


Time-temperature-transformation diagrams or S-curves 
show the effect of cooling rate on the structure. Each 
curve is for a specific composition. ‘The start curve marks 
the beginning of the transformation from austenite; the 
end curve, completion of the transformation. At tempera- 
tures above the S-curve all the iron will remain austenitic 
indefinitely. At temperatures below the S-curve, the iron 
changes from austenite to martensite as long as it has not 
already changed to another form. Therefore, to be marten- 
sitic it must be cooled fast enough not to cross the start 
curve (path 5). 

The leftward bulge of the S-curve is the pearlite nose, 
where the transformation time from austenite to pearlite is 
shortest. 

Paths 1 and 2 illustrate normal cooling methods for cast- 
ings. ‘The cooling rate of the bar cooled in its mold is slow 
enough to form a large proportion of ferrite along with 
pearlite. Because the air-cooled bar cools more rapidly, it 
will be mostly coarse pearlite. 

Paths 3 and 4 illustrate hot quenching to get fine pearlite 
or bainite. For path 4 the casting is quenched in a 800-F 
bath and held there until the path crosses the end curve. 
All the austenite changes directly to bainite. 

Alloying elements move the S-curve to the right, (Fig 
4) thereby increasing hardenability, the depth to which 
iron will harden under given quenching conditions. When 
quenching to produce martensite, the cooling rate no 
longer has to be so rapid to avoid the pearlite nose. As a 
result, larger castings with slow cooling center portions will 
turn to martensite all the way through. 

A shifted S-curve also changes the final composition of 
normally cooled castings. In Fig 4 the cooling curves are 
the same as those in Fig 3, but the iron includes alloying 
elements. Instead of containing a large proportion of fer- 
rite, the mold-cooled bar will now be entirely coarse and 
medium pearlite. Instead of being all pearlite, the air- 
cooled bar will now contain some pearlite and some bainite, 
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Heat treatment 


Stress relieving, the most common heat treatment, rids 
the casting of stresses set up during cooling. Although 
gray iron has low shrinkage, which reduces these internal 
stresses, residual stresses can reduce strength, distort or 
cause cracking. ‘he process consists of heating to a tem- 
perature below the lower critical temperature, line AB in 
Fig 1, and usually no higher than 1200 F. Lower critical 
temperature is the upper limit, because below it there is 
little change in the metal structure. Above, the iron would 
return to austenite. High temperatures for long periods 
relieve stresses most completely. 

Annealing softens, adding machinability. It is the sec- 
ond most common heat treatment. Holding temperature 
in the range 1400 F (lower critical temperature) to 
1800 F changes hard iron carbide into soft ferrite and 
graphite. Where the iron carbide is present as part of 
pearlite in unalloved gray iron, the lower temperature is 
sufficient. Alloy irons require an intermediate temperature. 
The higher temperiture is necessary to transform iron 
carbide which is part of cementite. 

Wear resistance and hardness improve when the matrix 


changes to hard martensite. here are three main wavs to 


do this: by surface hardening, quenching or chilling. Each 
method takes all or part of the casting along path 5 in 
Fig 3. 

In surface hardening a gas flame or induction coil heats 
a shallow outside laver of the casting above the transforma- 
tion temperature, turning the layer to austenite. A water 
spray following close behind turns the surface to marten- 
site. Cams and gears are hardened this way. 

For quench hardening the whole casting is heated and 
quenched. Quench hardening improves such parts as 
rollers, dies and pump bodies for abrasive materials. 

Chilling turns localized areas to martensite during nor- 
mal cooling of the casting. Chills placed in the mold cool 
these surfaces faster than the rest of the casting. 

Hot quenching produces hardness with lower stresses by 
martempering, or lower hardness with greatly improved 
toughness by austempering. 

Martempering is the quenching of a casting from the 
austenitic temperature range to a temperature just above 
the martenizing range, where the casting is held for a short 
time until its temperature equalizes, and then is cooled to 
room temperature. Martensite is the end product, but 
since the quench is less severe than with ordinary hardness 
quenching, residual stresses are lower. An example of a 
martempered part are gray iron cylinder liners, which must 
be hard but undistorted. 

Austempering toughens a casting by changing it to 
bainite, a form not as hard as martensite, but with greater 
impact resistance. Path 4 in Fig 3 shows the austempering 
cycle. 


REFERENCE: 

“Matrix Structures in Gray Iron,” by John F. Wallace, associate 
professor, Metallurgical Engineering, Case Institute of ‘Tech- 
nology, Cleveland. Published by Gray Iron Founders’ Society in 
Gray Iron News, Dec "60. 
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a better acoustical barrier— 


'T 0 block sound a material must have 
high density and low elastic modulus. 
Felt and acoustic-tile materials reduce 
the “noisiness’” of a room, but they 
are not efficient sound barriers. A 
noisy product, therefore, is not par- 
ticularly silenced by backing its cas- 
ing with felt. 

A good general rule for assessing 
the efficiency of an acoustic barrier is: 

Low weight + high rigidity = poor 
sound isolation 

High weight + 
good sound isolation 


low rigidity = 


LEAD SHEET 


High weight, low rigidity put this heavy metal ahead of other 


common materials on the decible-loss chart. 


Lead is an obvious choice in the search 
for a heavy, limp material. It can be 
easily formed into various shapes and 
it is easy to cut and pierce. 
All the decible-loss curves 
here are based on a surface weight of 
1 lb per sq ft. The point at which 
each plateau begins is related to the 
stiffness of the material in this weight 
of 1 Ib per sq ft. Fir plywood, rela- 
tively stiff, shows a plateau beginning 
at 19 db. The other materials have 
plateaus ranging from 27 db, to 56 db 
It is apparent that all curves 


shown 


for lead. 


have the same slope—6 db per octave 
-below the plateau, which rises to 
10 db per octave above the plateau. 

This greater slope, however, flattens 
out to 6 Ib per octave if continued to 
within 5 db of the projection of the 
low-frequency slope. The curve shows 
clearly the uniquely high density-to 
stiffness ratio of lead 


REFERENCE 

“Improved Sound 
Lead,” published by Lead Industries As 
sociation, 292 Madison Ave, New York 17. 


Barriers Employing 


SOUND-TRANSMISSION LOSS FOR SOLID, SINGLE PANELS 
OF VARIOUS MATERIALS 
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Random- incidence transmission loss, DB 
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= ¥ METALS AND ALLOYS 


From: Metal Progress 
» 


to aid in alloy selection here is... 


--- A BEND TEST FOR TOUGHNESS 


This simple bend test gives results consistent with those obtained by elabo- 


rate center-crack tests for fracture toughness. 


Results can be analyzed 


statistically and applied as a quality-control measure during processing. 


DEAN K. HANINK, chief metallurgist 


GEORGE R SIPPEL, assistant plant metal'urgist 
Allison Div, General Motors Corp, Indianapolis 


'T © ensure proper use of anv specified allov, a substantial 
amount of thorough metallurgical testing is needed. 
Broadly, four factors—reliabilitv, producibility, cost, 
strength-to-mass ratio—must be considered in selecting the 
correct allov for a highly stressed part. Eventually, special 
considerations—such as size, configuration, or operational 
environment—will narrow the selection still more. 

At Allison Division we were faced with this problem. 
Since we had some necessary background information— 
tensile strength, notch sensitivity, fatigue, and the stand- 
ard physical data—on several alloys, we at least had a start. 

Many investigations have shown that such steels as X200, 
H11, 300M, and D6 can be heat-treated to tensile strengths 
of 270,000 to 300,000 psi, with minimum vield strength 
at 0.2% offset of 240,000 psi. ‘These mechanical: proper- 
ties, however, are only a part of the information needed 
tor selection. Among other items, the alloy must be able 
to resist initiation of a crack at anv discontinuity, and 
also resist the further propagation of such a crack once 
started. 

Che practical application of this strength-limiting prop- 
erty of a metal has influenced both the study of its capa- 
bility and the quality-control procedures. 


Crack-propagation tests 


The “Griffth-Irwin theorv” is the basis for most of 
the crack-propagation tests now in use, and a number of 
tests have been designed in conformity with it. (Battelle 
Memorial Institute, Columbus, Ohio, includes these in 
its report DMIC 124.) Each determines some relation- 
ship between the resistance to crack initiation and _ its 
propagation in the material, with its behavior under high 
stress. The fabricator logically examines all of these 
tests with interest in choosing the proper grade of steel, 
and also considers the possibility of applying this theo- 
retical approach in planning the necessary quality control. 
Since the ability of alloy steels to resist premature fracture 
is basic, it warrants a study of crack propagation 
methods. 
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Simple test needed 


Though various toughness tests (listed in DMIC 124) 
are very informative, the cost of preparing the samples 
and the inconvenient size of samples prompted us to seck 
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INSTRUMENTED BEND TEST and equipment. As the 
bar bends under load, both load and time are recorded. The 
bend parameter is calculated from this data. 
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a more convenient and less expensive test. The instru- 
mented bend test shown in Fig 1 is the result. 

Small, unnotched and rectangular (0.052 x 0.700 x 1.5 
in.), this coupon is biaxially stressed to failure by bending 
as a simple beam. It is supported at two elements 1 
apart by 4-in. rounds and loaded through a 4-in. round at 
the center. 

Such samples can easily be obtained from small- as well 
as full-scale parts. Attention is directed to the width- 
to-thickness ratio of about 14; this provides an adequate 
2:1 biaxial stress area approximately 0.5 in. wide. All 
specimens are ground to the finished dimensions without 
breaking any sharp edges. The surface finish is not critical 
as long as grinding burns are avoided and the normal sur- 
face finish ranges from 10 to 20 rms. No mechanical 
notches or cracks of any kind are necessary. 

All components of the bend-test fixture are made from 
tool steel, hardened and tempered to Rockwell C-60. The 
rate of deflection is maintained constant at a crosshead 
speed of 0.5 per min., although a range of 0.5 to 2.00 
in. per min. can be tolerated. The load on the specimen 
is sensed by a strain-gage cell of 1000-Ib capacity placed be- 
tween the bend-test fixture and the lower platen of the 
tensile machine; its output is fed into a strain-gage ampli- 
fier and recorder. It is important that the recorder pen 
respond rapidly enough to track the load on the specimen 
without any lag. A recorder of oscillographic type with 
a frequency response of 60 cycles per sec or higher is 
recommended. ‘Thus, the recorder chart furnishes a con- 
tinuous record of load as a function of time during the 
test. Fig 2 illustrates a typical record of an instrumented 
bend test on a high-strength steel heat-treated to 197,000- 
psi yield strength. Fig 3 shows that the graphs obtained 
from such records have the same trends as graphs from 
more elaborate tests. 
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METALS AND ALLOYS 


TYPICAL RECORDS from in- 
strumented bend tests. Bend-test 
parameter values are calcu- 
lated from the difference be- 
tween P,, (max load, where 
cracks first appear) and P, (load 
at which sharp and rapid drop 
in load occurs); and is a meas- 
ure of resistance to rapid crack 
propagation. 


The curve in Fig 2 is a typical record. ‘The load is 
incieased to a maximum value P,, and then it decreases 
at a relatively slow rate until suddenly a very rapid change 
begins, noted at P,. (This latter point cannot be identi- 
fied accurately in soft steels.) Actual loads P,, and P, 
used to compute the maximum stresses o,, and o; in the 
outer fiber by the conventional beam formula. The value 
om — o; is the “instrumented bend-test parameter,” and 
it measures the reduction in the calculated, highly local- 
ized stress in the outer fiber due to slow progression of a 
crack before the crack spreads rapidly. 


High-stress part 


The metallurgist, through his selection of an alloy and 
its processing, has an important role in assuring the 
reliability, for example, of pressure vessels. Tests for 
checking the quality of the parts at various steps during 
fabrication must therefore be reproducible and appraised 
in the light of test data from actual vessels. For example, 
a quality-control test must be exacting enough to discrim- 
inate between an alloy produced as a special vacuum-melt 
and one produced by a high-quality air-melt. ‘The instru- 
mented bend test seems to accomplish this very efficiently, 
as demonstrated in Fig 4. It furthermore differentiates 
between forged material having cross-worked grain and 
conventional hot-rolled sheet, even if both originate in 
the same heat of steel. 

Such a test can be applied early in the game—for ex- 
ample, when the metal is in ingot form and a portion of 
it must be forged into a coupon for test samples. ‘Tests 
can also be conducted on samples removed from forgings 
in the annealed condition before rough machining. Such 
additional testing determines whether the hot-working and 
other procedures are satisfactory. 

The entire reliability picture finally resolves itself into 
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BEND PARAMETERS compared with values obtained 
center-crack test used by Naval Research Laboratory. 
have the same trend. Alloy: VascoJet 10600. 


determining the narrow limits for proper heat-treatment 
while balancing the strength of the metal against its resist- 
ance to crack-propagation. Obviously, the acceptable 
heat-treatment should be coordinated with a test of actual 
pressure vessels. For example, a pressure vessel with a 
burst strength of 290,000 psi may seem superior to a pres- 
sure vessel whose burst strength is only 248,000 psi. How- 
ever, the one may fail prematurely because it 
has low resistance to crack-propagation, and this should 
reject it immediately—at least for this particular use. Again, 
as the bend-test parameter (or crack-propagation resistance) 
goes down in a given alloy tempered at a lower tempera- 
ture, the actual burst strength of some vessels may go to 
a verv high value. it may 
in of hidden 


“stronger” 


also be extremely low 
defects creeping 


However, 


other vessels because 


in 
during manufacture 

Therefore, it becomes necessary to use pressure-vessel 
data with discretion as they relate to the specific alloy 
under test. The spread in results—including the mini- 


mum result—of a series of tests is the important factor, 


64 


@ 
Oo 


Net fracture stress, psi x 1000 


+ 
oO 


0 
1100 


Elongation, % 





~ 
° 


rs) 
rs) 


r ~ Vacuum -me/t forging 
Vacuum-melt sheet 

| 
Air-melt forging 


@ 
oO 


L 


a 
2) 


Bend parameter, 1000 psi 


+S 
oO 








+-Air-me/t sheet 
20! 


600 700 800 900 1000 1100 
Tempering temperature, °F 





Bec 

BEND TEST CAN DISTINGUISH between 
various conditions of the same grade of steel 
(D 6-A for these curves). The vacuum-melted 
alloy-forging has the greatest resistance to crack 
propagation. 


from 
The curves 


the result. Such 
a philosophy must always prevail in the construction of 
missiles and does not depart from a philosophy that has 
applied to aircraft bearings, which until recently were al- 
ways rated statistically rather than according to a minimum 
acceptable life. 

We have attempted to describe here one approach in 
a determined, and so far successful, program for controlling 
the metallurgical quality of a critical component for 
rockets, the motor case. ‘The test procedure iS presented 
beyond the strict quality-control aspect to indicate how 
it can be used to emphasize the importance of statistical 
analysis of tests to appraise a given alloy at a high strength 
level. 


not simply the average Ol naxinumM 


REFERENCE: 
“A Bend Test for 
R. Sippel, 


Progress 


by Dean K. Hanink and George 
Corp. Published in Metal 


loughness,”’ 
Allison Div, General Motors 
\ug 60, pp 89-9? 
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From: Company Bulletin 


DON’T OVERLOOK POWDERED-METAL PARTS 


Within the capabilities of the press-molding process, pow- 
dered metal allows flexibility of design with economy. 





Here’s how to design the parts. 


Wi ost of the rules for designing 
powdered-metal parts are to accommo 
date the parts to the press-molding 
process. In this process, metal pow- 


Undesirable 
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ders are pressed in a die at pressures 
of 20 to 50 tons per square inch 
Heat in a furnace sinters the molded 
parts, welding the metal particles to 
gether. Atomization of molten metals 
produces particles with the irregular 
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shapes and varying sizes that mak« 
the powder compact well. The proc 
ess produces completed parts with 
these useful characteristics. 


Undesirable Better Tooling Advantages 
Alloying is possible bv blending 
Yyyyj powders e aa that could not 
otherwise be alloyed. 
Mass production with high-speed 
Yy “Uy; presses cuts cost. 
re thi Complicated shapes are possible; 
0005/0006 ; this can reduce assembly work by com 
bining two or more parts into one. 
Accuracy and uniformity continue 
over large production runs, because 
: all parts come out of the same die. 
Poor Good Alignment of slots and maintaining 
voy 45°chamler r concentricity is otherwise difficult, 


a corners oll corners even with jigs and fixtures. Depend 
able accuracy means less inspection. 














Y) Normal commercial tolerances for 
AA 

Z ; sintered brass parts are 0.004 in. pet 
A, y in. on radial dimensions (at right an 
Z gles to direction of pressing). Axial 






































tolerances are 0.015 in. per in., but 
0.010 in. per in. is possible. On very 
small parts, greater allowances ma\ 
be necessary to allow for tool wear 
Porosity and density control adjusts 
properties for special requirements 
Self-lubricating bearings or gears have 
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ROUND HOLES simplify 














tooling and reduce tooling costs. 


Practical 











REVERSE TAPER cannot be formed in die. 


20 to 30% porosity; filters, 50%. 

Infiltration of iron powder parts 
with brass powders produces practi- 
cally 100% density. In the sintering 
furnace, brass powder is laid on top 
of a part molded of iron powder. The 
brass powder melts and runs into the 
pores between the iron particles. 

lor increased or hardness 
or more exact dimensions, re-press 
after sintering. 


density 


Lubricants soaked into the porous 
structure increase wear resistance. 


Economies result from reduction of 
machining, scrap, and metal inven- 
tories. While such things as under- 
cuts and side have to be 
machined after sintering, scrap will 
be slight. Tool wear is less than with 
sand castings, because there are no 
slag or sand inclusions. 


openings 


Decoration other than burnishing 
or scratch-brushing is unnecessary be- 
cause surfaces are smooth. 


Limitations 


Shape is limited to those that can 
be molded. 

Size must be small enough to be 
within the capacity of high-speed, 
mass-production presses. If cross-sec- 
tion is too large, required pressure 
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Less 
expensive 


No toper required 











SHARP CORNERS under a flange weaken the part and shorten 


die life. 























COUNTERBORE 


shoulder or 


should never 
flange. Depth of counterbore 
half the thickness of flange. 


create thin, 


times area exceeds force capacity of 
these presses. 

On the small side, parts with out- 
side dimensions of 0.125 in. and thick- 
ness of 0.1 in. are common, as are 
gears and standard nuts 0.2 in. dia. 
and less. Diameter and wall thickness 
lower limit is about 0.030 in. 


weak sections in a 


should not exceed 


Uniform density is not possible if 
nonuniform cross-sections too 
complex. Metal powders do not flow 
as freely as molten metal, especially 
in long, narrow cavities and channels. 
Proper placement of powder main- 
tains uniform density when the prob- 
lem is not too involved. 


are 
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Practical 


GEAR HUB and root diameter should not be the same dimension. 


Undesirable 


TAPERED COUNTERBORE assists 


Undesirable 


tool-removal and 


Topered 
counterbore 


Min, 4° 


speeds production. 


Preferred 


Practical 
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DIAMOND KNURL cannot be molded 
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straight serrations can. 


ae, 


“WV 
00/0 
Serration 
; depth 
Dette 





Observe depth and radius 


SPLINES in the direction of pressing are difficult to 


make when they are narrow and deep. 


Mechanical and physical proper- 
ties are limited unless additional 
steps are performed. 


Cost, because of low price of ingot, 
is sometimes higher than a casting. 

Quantity must usually be at least 
5000 pieces. However, even a pro- 
duction run of a few hundred parts 
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can compete in cost if switching to 
powder metallurgy eliminates much 
machining. 


Design rules 

@ Machine undercuts, external and 
internal threads and __ horizontal 
grooves. Press-molding cannot make 
them. 


suggestions. 


e Avoid sharp or feather edges on 
the upper punch; they increase die 
wear and often weaken the part. 

@ Radius or 
ners. Chamfer outer corners with a 
slight flat. Sharp corners weaken the 
part and shorten die life. 

© Keep length-to-diameter ratio at 
or less than 24:1. This is the present 
commercial limit, except for a few in- 
dividual cases. 

e Locate flanges and other project 
ing parts at the top of the die cavity 
so the piece can be ejected from the 


groove internal cor 


die. 
e Machine extremely 
shapes from partially formed blanks. 


complicated 


REFERENCE: 

“Designing for Pressed Brass and Nickel 
Silver Metal Powder Parts.” Published by 
The New Jersey Zinc Co, New York 38 
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-F METALS AND ALLOYS 


From: Inco booklet 


NICKEL-BASE ALLOYS: 
WHERE AND HOW 
TO USE THEM 


This quick guide to the nickel-containing casting alloys 
reviews each alloy to help pinpoint the material that offers 
Included are: 


the properties needed for specific designs. 


cast alloy steels, stainless steels, ductile irons, alloyed cast 
irons, non-ferrous cast alloys and cast high-nickel alloys. 





INTERNAL 
COMBUSTION 
ENGINE 


LIQUID 
HANDLING 


CEMENT CHEMICAL CONSTRUCTION 


Valves, fittings, pump ports, | Cutter heads, bases, track Valves & pumps 
misc. heat exchanger ports! rollers & frames, gears & 
pinions, bucket teeth & lips, 
ring gears, discharge 

line fittings, sprockets 


Boll mill liners, dipper 
NICKEL teeth, jaw crusher plotes, 


CAST kiln tires 
STEEL' 


Recuperator liners, drag 
chain, kiln cooler section, 
tail rings, conveyor screws, 
nose rings, buckets, burner 
tubes, lifter plates, 
segments 


Manifolds, valves, 
valve seat inserts 


Incinerators, heot treat 
furnoces & fixtures 


Retorts, conveyors, chain 


HEAT 
RESISTANT 
CASTINGS’* 


STEELS 


Cylinders, agitators, flow 
meters, valve bodies, pump 
casings, autocloves, 
impellers, kettles, headers, 
steam jets, screw fittings, 
pipe, fan & blower parts 


Valves, pumps, 


Valves & fittings 
fittings, return bends 


CORROSION 
RESISTANT 
CASTINGS * 


























' Types: NCS 80, NCS 90 (American Iron & Steel Institute No. 4600), NCS 100 (AISI 8600), NCS 120. 





Autoclaves, connecting 


DUCTILE 
IRON? 


NI-RESIST 
DUCTILE 
IRON? 


DUCTILE IRONS 











Gears, bearings, bushings 





Pipe, valves, fittings, coke 
quenching cars, paddles for 


caustic pots, paddies 


pots, kettles, heat 
exchanger piping 


Pump housings, impellers, 
valves, compressors, caustic 





Cable drums, gear housings, 


pulleys, gears, sheaves, 
wheels, rood grates 


Flood control gates, guides 





Cylinder blocks, axle 
housings, coms, 
camshofts, crankcases, 
engine frames & 
heads, liners, pistons, 
rocker arms, wheel 
piston rings, 
crankshafts, flywheels, 
clutch ports 


Turbocharger casings, 
exhaust manifolds, 
cylinder liners, water 
pump bodies, 
impellers, valve seats 





rods, compressor 
bodies, flanges, 
meter housings, 
turbine diaphragms, 
pipe impellers, water 
boxes & turbines, 
valves, fittings 


Pipe fittings, pump 


& valve bodies & parts, 


filters, compressors, 
butterfly valves, 
meters 





' Ductile iron type: 66-45-10, 
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80-60-03, 100-70-03, 120-90-02. 
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ALNICO 

Used whenever powerful permanent 
magnets are needed, the aluminum 
nickel-cobalt alloy irons known as 
Alnico are the most popular alloys. 

Today, the most widely used of these 
alloys are Alnico V, Alnico VI and 
Alnico XII. 

Of these, Alnico V offers the maxi- 
mum energy product, and is recom- 
mended for so-called “fixed air-gap” 
applications. 

For apparatus with variable air gaps, 
however, or for units likely to be fre- 
quently disassembled in service, Alnico 
VI is preferable since it offers greater 
resistance to demagnetizing effects. 


NOMINAL CHEMICAL COMPOSITION (%) 





Alnico 


alloy grade Aluminum Nickel Cobalt Titanium 





Alnico V 14 24 





Alnico VI 24 





Alnico XII. 35 











REPRESENTATIVE MAGNETIC PROPERTIES 





Coercive residual Max. energy, Induction Optimum 


Alloy 


force, He, 
oersteds 


induction, 
Br, gausses 


BH max., 
millions 


ot BH max., 
gousses 


mag. force, 
oersteds 





Alnico V 


650 


12,700 


5.50 


10,400 


2,500 





Alnico VI 


760 


10,500 


3.65 


3,000 





Alnico Xil 





6,100 








For applications where these demag- 
netizing effects are exceptionally se- 
vere, Alnico XII is considered by most 
to be the best choice. 


Where used: 
communications, 


Electrical, 


instrument, 


tools, metalworking. 


How used: 


Cathode-ray 
sonval meters, loudspeakers, 


tubes, 


electronic, 
machine 


d’Ar- 
magnetic 


lathe-chucks, metal-sorting equipment, 


microphones, 
eters. 


speedometers, 


tachom- 





MACHINERY 


Shovel racks, 

excavator body frames, 
sprockets, pinions, 
damshell buckets, 
dredge cutter heads, 
linkage scoop lips, 
wheels 


Canning & food 
processing equipment, 
shredders, slicers, 
bottle washers 





MARINE 


Stern posts, streets, 
geors, propellers, 
valves, pumps 


Propellers, struts, 
gears, anchors 


Crusher roll shells, 
mill liners, grizzlies, 
coms, tappets, cor 
wheels, kiln tires, 
crusher frames, 
sheoves 


Buckets, carrier 
beoms, rabble arms, 
blades, holders 


Mine pump ports, 
buckets, turbine 
wheels, pump casing, 
impellers 








PETROLEUM 


Brake drums, engine 
liners & heads, 
pistons & rings 


Tube supports, 
furnace frames, doors, 
burner nozzles, air 
headers, tube sheets, 
beoms, pins, spocers, 
channels 


Return bends, valves, 
pumps, tubes, fittings 


Valves, fittings, 
turbine casings, 
scroll cases, steam 
headers, runners 


Valve bodies, chain 
gates, shields, 
shutters, baffles, 
burner deflectors, 
diffusers, nozzles, 
V-bolts, stoker parts, 
grate bars, soot 
blowers, superheater 
supports 


Water wheels, turbine 
blade partitions, 

coal stoker feed 
screw, turbine runner 





Valves & pumps 


Black liquor burners 


Digester bottoms, 
turboblower, digester 
strainers, fittings, 
blow valves, 

jordon beater parts 





ROLLING 
MILL 


Piercing points, 
rolls, slag pots, shear 
parts, sheoves, 
pinions, anvil blocks, 
gears, spindles 


Mildrum, furnace 
grates, wheels, 
oxygen lance nozzles, 
fan & blower cstgs., 
rolling mill plugs & 
guide shoes, piercer 
points, radiant 
heoter ports 


Pickling rack, 
hair pin hook 








2 Alloy Casting Institute symbols (and AISI designation), HH (309), HK (310), HT (330). 


5 ACI and (nearest 


AISI) 


CF-8 (304), CF-8M 


(316), CN-7M 





Anvils, beds, cams, 
chucks, dies, caps, 
heads, face plates, 
gear housings, hoist 
drums, levers, pinions, 
shafts, frames 


Precision machinery, 
scientific instruments, 
forming dies 





Pipe, valves, pumps, 
fittings, compressor 
parts, pistons, 

port hole frames, 
bollards, winch drums 


Pumps, valves, 
winch drums, brokes 


Gears, bearings, 
pumps, pistons, 
car wheels 








Pipe, valves, fittings, 
pumps, geors, 
compressors 


Tube supports, pump 
impellers, valves, 
deep well pump 
components, 

hot oil pump 
impeller & casings 


Grate bors, pallets, 
furnace doors, 
generator shafts, 
fan hubs, volves 


Steam control valves, 
turbine diaphragms, 
switch gear, 

gas turbine stators 





Beoter shofts, cable 
drums, frames, 
connecting rods, 
geors, press rolls, 
sheaves, swing orms 


Seal rings, hydraulic 
cylinders, pumps & 
valves, piping, 
fittings, kettles & 
pots, dryer rolls 





Furnace doors, 
guides, hot tops, 
lifter bars, soaking 
pit covers, table 
rolls, beorings, 
charging boxes 











* Ni-resist type 


D-2, D-3, D-5. 
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CAST IRONS 








NICKEL 
CAST 
IRON! 


NI-RESIST 
IRON* 





Gears, bearings, bushings 


Mill liners, pulverizer 
rings, grinding balls & 
slugs, slurry pumps, 
bearings, roll heads, 
gudgeon 





CHEMICAL 


Caustic kettles, retorts, 
pots, valve bodies, filter 
grids, pump impellers 


Pumps, filter drums, frames, 
blowers, compressors, salt 
dryer grids, valves, 
impellers, caustic pots, 
kettles, heat exchanger 
piping 





CONSTRUCTION 


Bridge buffer cylinders, 
gears, braking wheels, 
tractor cylinder heads, 
blocks, liners, bushings, 
bearings, sheaves, clutch 
hoist drums 


Concrete mixer blades, 
liners, sprockets, aspholt 
mixers, seal rings, tips, 
paddles, concrete pipe, 
packer heads, pipe 
travellers, pipe wings 


Lockgate heels & pintles, 
lock valve frames 





INTERNAL 
COMBUSTION 
ENGINE 


Cylinder liners, 
blocks, heads, cam 
shafts, crankshafts, 
exhaust manifolds, 
tappets 


Turbocharger casings, 
exhaust manifolds, 
nozzle rings, valve 
guides & seats, 
cylinder liners, piston 
ring carrier bands, 
water pump bodies & 
impellers 





LIQUID 
HANDLING 


Pump casings, 
impellers, valves, 
fittings, water boxes 


Pump impellers, liners 


Meters, ball joints, 
compressor parts, 
filters, valves, seals, 
steam ejectors, pump 
parts, meter valves, 
insecticide pumps, 
sewage comminutors 





' NCI 30, NCI 35, NCI 40, NCI 50, NCI 60, NCI 70. 


* Ni-hard iron types: 1, 2. 





BRONZES 





NICKEL 
TIN 
BRONZE' 


NICKEL 
ALUMINUM 
BRONZE’ 


CUPRO- 
NICKEL * 


NICKEL- 
SILVER‘ 





Ball mill bearings, 
jaw crusher bearing 


Ball mill bearings 


Bearings 





Diaphragm, valve seats, 
discs & rings, agitators, 
pumps, housings, pump 
gears, frame bushings 


Heaters, extractors, caps 
& risers, pumps, valves, 
fans, blowers, rotors, 
pump liners, meters, 
impellers, pickling hooks, 
injection nozzles, tools 


Pump & valve parts, seal 
rings, bushings, glands, 
condenser fittings, 

tube sheets 


Special ornamental uses 





Transmission, mill bearings, 
bearings, hydraulic 
hold-down discs, diaphragm 
pneumatic piston cylinders, 
frames, gears, switchgeor 
and line hardware 


Crane & hoist gears, 
grinding mill bearings, 
pulleys, sheaves, 
non-sparking tools, frames 


Fittings, valves 





Water pump casings, 
fuel injection nozzles, 
bearings, valve 
sleeves 


Coolers & condensers 





Valve stems, discs, 
ring seats, yoke-nuts, 
sleeves, pump 
impellers, throots, 
barrels, seals & thrust 
plates, meter bodies 
tracks, rollers, pins, 
guide wedges, 
coupling, strainers 


Impellers, valve 
bodies & stems, pump 
rings, coms, runners, 
fittings, seots, 

turbine rotors, 

stators, spindles, 
guides, gates, 
agitators 


Seat rings, wedges, 
stems, bushings, 
rollers, siides, trim, 
glands 


Bathroom fixtures, 
faucets, flush valves, 
plumbing, valves 





® Types 


9D alloy, Ni-Bral type 1, Ni-Bral type 2. 





OTHERS 





NICKEL- 
COPPER 
ALLOY' 


NICKEL- 
CHROMIUM- 
IRON ALLOY* 


NICKEL * 











Centrifuges, pipe fittings, 
pump parts, sleeves, valves, 
filters, flow meters, 

cylinder linings 


Fittings, valves, vanes, 
cylinder linings 


Fittings, flow meters, 
pump parts, valves, 
cylinder linings 











Fittings, pumps, 
valves, food 
equipment, cylinder 
linings 


Fittings, pumps, 
valves, beverage & 
food handling, 
cylinder linings 


Fittings, pumps, 
valves, food 
equipment, cylinder 
linings 





1 Types: 
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NC as-cast, NC-H as-cast, NC-S as-cast annealed age-hardened. 


2 Types : 


NCR as-cast, NCR-S as-cast. 
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MACHINERY 


Cams, drawing & 
pressing dies, 
punches, gears, 
bushings, frames, 
brake drums 


Pug mill paddles, 
mill guides, cold 
rolls, chute liners, 
drop bolls, 

wear plotes 


Precision machinery, 
scientific instruments 


MARINE 


Diesel engine 
crankcases, 
crankshofts, cylinders, 
liners, heads, pistons, 
pumps, valves 


Pipe, pump casings, 
pump face plotes, 
impellers, pump liners 


Cargo pump parts, 
galley range tops, 
winch brokedrums, 
strainers, pump 
parts, volves 








Car wheels, gears, 
grate bors, hoist 
brake drums, 


Classifier blades, 
grinding balls, tailing 
pipe, ball mill grates, 
liners, chute liners, 
pipe elbows, rod 

mill liners, slurry 
pump ports 





PETROLEUM 


Brake drums, engine 
liners & heads, 
pistons & rings 


Pump liners, chain 
conveyor bushings, 
gate valves, vanes, 
seats 


Dampers, pump 
diffusers, liners, 
casings, trays, valves, 
pumps, deep well 
pump components, 
hot oil pump 
impellers, casings 





Grate bors, volves, 
Ppomps 


Slurry pump ports, 
wearing plates, 
conveyor pipe, elbows, 
wear back roll heads, 
ash pipe impellers, 
boll mill liners, 

chute liner plates, 
crusher rolls, 

grizzly discs, fittings 


Bus-bar damps, 
condensers, 
compressor liners, 
pipe & fittings, 
pumps, valves, 
shoft seals 





Dryer heads & rolls, 
gratebors, geors, 
valves, pumps 


Band mill liners, 
barking drum discs, 
attention mill plates, 
refiner plotes. 


Screen runners, 
spiders, fourdrinier 
frames, tables & 
supports, dryer rolls, 
piping, fittings, 
valves, pumps 





ROLLING 
MILL 


Chute liners, crusher 
segments, grizzly 
discs, rolling mill 
guides, scrap 
breaking balls, cold 
rolls, drop balls 





5 Ni-resist 


iron types: 





Punch press bearings, 
printing press cams, 
geors, elevating nuts, 
motor gears, collector 
rings, rollers 


Connecting rods, 
camps, chain, coms, 
mixers, wear plates, 
wheels, ball mill 
bearings, gears, 
dutch parts, crane & 
hoist geors, guides, 
fan pinion 


Weldable hydraulic 
fittings & volves, 
pumps 


Gear trains, valve 
bodies & tappets, 
shaft bearings, 
housings & plotes, 
valve bonnet shafts, 
seats, seal rings, 
weor plotes, thrust 
collars, impellers 


Propellers, struts, 
rudders, caps, turbine 
rotors & runners, 
reduction gears, pump 
casings, impellers, 
valves, brackets, 
fittings, vanes, 

clamps, hooks, chains, 
bolts, cleats 


Shaft sleeves, marine 
fittings, trim, rudder 
ports, tube sheets, 
impellers, valves & 
stems 


Deck fittings, deck 
trim 








Shuttle car gears, 
coal loading arms, 
crusher bearings, 
pump castings, 
impellers, sampling 
nuts, electrical 
hardware 


Line hordware, pumps, 
valves, fittings, coms, 
tappets, impellers, 

car couplings 


Valves, pumps, 
fittings, impellers 





Meter bodies, sludge 
burner, actuating nuts, 
hydraulic pumps 


Pump casings, meter 
parts, pump cylinders, 
impellers, valves, 
tube sheets, tools 


Valves, pumps, heat 
exchangers, tube 
sheets, liners, 
casings, impellers 





Turbine runners, 
buckets, valve seots, 
discs, non-magnetic 
switchgear, pump 
seals, valve & 
pump bodies 


Electrical switchgear 
impellers, valves, 
fittings, turbine 
runners, pump parts, 
turbine rotors & 
stators 


Fittings, wedges, seat 
rings, glands, turbine 
seal rings, bushings, 
tube sheets, valve 
bodies, impellers, 
discs, stems, pumps, 
compressors 





Screw conveyor geors, 
shuttles, cams, 

valves, yoke screw, 
ring seal bearings, 
mixer chomber ports, 
wearplates 


Beoters, extroctor 
parts, pumps, valves, 
fittings, tube sheets, 
impellers 


Suction rolls, retainer 
rings, fittings, couch 
rolls, pumps, 

valves, fittings 





Side quides, screw 
box nuts, worm gear, 
drive, rollout table 
bearings, feed screw 
nuts, geers, coms 


Slippers, bearings, 
shear friction 
bearings, washers, 
dies, forming tool, 
screw down nuts, 
mill guides 





3 Grades: 90-10, 88-1 


* Grades 


10A, 


10B, 11A, 


11B. 





Bearings, boat and 
ship propellers, 
valves, pump parts, 
sleeves 











Pump ports, valves, 
fittings 


Pump parts, valves, 
fittings 


Pump ports, valves, 
fittings 





Pump parts, soot 
blowers, steam 
nozzles, valves 





Pump parts, valves 


Pump ports, valves 


Pump ports, valves 





Pickling equipment 


Pickling equipment 





® Grades: N as-cast, 


N-G as-cast, 


N-S annealed 
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GAS IN ALUMINUM 


A study was made of the influence 
of gas content, pressure and magne- 
sium content on the mechanical prop- 
erties of aluminum die castings (type 
Al-8 Si). The factorial designed ex- 
periments were conducted at two lev- 
els with diecast standard test bars. 
The mechanical properties (yield 
strength, tensile strength, elongation, 
impact strength) were affected by 
pressure and magnesium content but 
more or less insensitive to dissolved 
gas (hydrogen). Some foundry ex- 
periments with normal, gassed and 
degassed metal as starting material for 
die castings and tests on correspond- 
ing die castings complete the study. 
“Studies on the Influence of Gas Content, Pres- 
sure and Magnesium Content on the Me- 
chanical Properties of Aluminum Die Castings,” 
Dr. Werner Ruegg, Head, Chem. & Metallurg. 
Labs and Research Dept Injecta Limited. Paper 
No. 6 published in SDCE, Nov 1960. Society of 
Die Casting Engineers, Inc., 19382 James 
Couzens Highway, Detroit 35, Mich. 


= 


Progress in aluminum alloys 


More manufacturers are turning to 
aluminum castings to reduce costs and 
improve their products. A switch 
to cast aluminum parts is particularly 
effective in reducing machining time, 
cutting down on shipping weight, and 
lower finishing costs. 

“Progress in Aluminum Alloys,’ published in 


Metal Progress, the American Society for 
Metals, October 1960, p 137, Mt. Morris, Ill. 


Metal fatigue 


The problems of fatigue in metals 
first attracted the attention of engi- 
neers about the middle of the last 
century, when there was a great in- 
crease in engineering work in general, 
and particularly in connection with 
the railways. At this stage little work 
had been done to evaluate the effects 
of repeated cyclic loading. 

Today, failure by fatigue implies 
fracture of a component due to the 
spreading of a fine crack initiated by 
cyclic applications of load, and char- 
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acterized by a smooth, silky, fracture- 
surface. It was established by the 
early research workers that for many 
metals and alloys there is a definite 
level of stress, below which failure by 
fatigue will not occur. This gave 
rise to the concept of a limiting fatigue 
stress for a given material, and much 
work has been carried out since to eval- 
uate limiting stresses for different met- 
als and alloys under various conditions. 
To determine the limiting fatigue 
stress, a series of tests is carried out at 
different stress levels, and a curve 
plotted of stress against number of cy- 
cles to failure. 
“An Introduction to the Problems of Metal 
Fatigue,” by G. M. Astles. Published in Engi- 


neering Materials and Design, April 1961, p 
213. 


Selecting spring materials 


Discusses selection of superalloys 
for springs to meet the demands of 
high-temperature applications. 
“Selecting the Right Spring Material is Easy 
When You Follow These Rules,” V. A. Stanton, 
Notional-Standard Co. Design Engineering, 
May 1961, 481 University Ave, Toronto 2, 
Canada. 


Molybdenum-base alloys 


Molybdenum and molybdenum- 
base alloys made by the arc-casting 
process have certain outstanding prop- 
erties of engineering interest. Metallic 
molybdenum until recently was pro- 
duced by the powder-meiallurgy proc- 
ess alone, and molybdenum products 
were therefore subject to limitations 
imposed by that process. During the 
past few years, however, large ingots 
up to 12-in. diameter have been made 
successfully by the arc-casting proc- 
ess. Furthermore, these ingots have 
been readily converted by extrusion 
to billets for forging or for further 
processing on steel-mill equipment to 
commercial products, such as sheets 
and bars. Naturally, this process has 
opened the way for the introduction of 
shapes produced in various new molyb- 
denum-base . alloys, some of which 


have greater structural strength at ele- 
vated temperatures than any other 
commercially known metallic mate- 
rials. 

“Climelt Molybdenum and Molybdenum-base 


Alloys,” published by the Climax Molybdenum 
Company, New York, p 3. 


* 


Drafting standards 
for Aluminum 


The tables in this booklet super- 
sede the tolerance tables included on 
pages 16-44 of the Third Edition of 
Drafting Standards—Aluminum Ex- 
truded and Tubular Products, issued 
by The Aluminum Extruded Products 
Division of the Aluminum Association 
in May 1957 (Second Printing Oc- 
tober 1958). Some tables have been 
revised, some expanded and new tables 
added. 

“Drafting Standards Aluminum Extruded and 
Tubular Products,” published by the Alum- 


inum Association, 420 Lexington Ave, New 
York 17, June 1960, Third Edition. 


Progress in magnesium alloys 


The development of magnesium 
sheet and extrusion alloys, ZE 10 A 
and ZK 21 A, which require no stress- 
relief after welding, has been a boon 
to the fabrication of large structures 
which cannot be stress-relieved on a 
practical basis. ‘The most extensive 
use of these alloys has been in bulk 
shipping and handling containers, 
which were introduced a year ago and 
now are priced competitively with alu- 
minum containers. 

“Progress in Magnesium Alloys,” by James V. 
Winkler, Manager, Technical Service and De- 
velopment, Dow Metal Products Co, Midland. 


Mich, Metal Progress, the American Society for 
Metals, Mt. Morris, Ill, October 1960. 


Copper alloys 

The applications of any metals in 
engineering are naturally directly re- 
lated to their characteristics and prop- 
erties. This article does not cover all 
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the uses of copper and copper alloys 
in engineering but it attempts to corre- 
late the properties and characteristics 
of the various copper alloys with their 
uses, so that not only may all the 
specific cases be known, but also that 
enough lead will be given to enable 
a choice to be made of the right 
material for many unspecified cases as 
well. 

“Copper Alloys,” G Fitzgerald-Lee, Mechanical 
World, February, 1961, 31 King St W, Man- 
chester 3, England. 


Fracture test for alloy steels 


Investigators of brittle fracture in 
large steel forgings have a problem in 
reproducing the essential characteris- 
tics of such fracture in laboratory 
tests. These characteristics include a 
low nominal-stress level and the vir- 
tual absence of fibrosity of ductility in 
the fracture. One solution to this 
problem is the use of bursting tests 
of large, rotating notched-disks. ‘Tests 
of such disks were used to obtain frac- 
ture toughness of steel. However, this 
method has drawbacks; it uses much 
material, is very expensive and there- 
fore cannot be applied extensively in 
alloy steel development. 

Other tests also have limitations. 
For example, slow bend tests on large 
notched specimens (3 sq in., 20% 
deep notch, 0.005-in. root radius) cor- 
relate well with bursting test results, 
but like the bursting tests, they re- 
quire much metal. Of course, the 
standard Charpy V impact test has 
been very useful. Correlations have 
been found between fracture strength 
and large disks and the 50% Fracture 
Appearance Transition Temperature 
(FATT). However, because of the 
small size of the specimen and the 
large radius of the notch (in relation 
to other dimensions), the side shear- 
lips and fibrous “thumbnail” under 
the notch form a much larger propor- 
tion of the total fracture area than 
they do in large notch disk and slow- 
bend test-fractures. Because of this 
much greater boundary deformation 
(compared with large spin and bend 
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tests), Charpy V specimens absorb 
too much energy. Therefore, they 
are not suitable for determining frac- 
ture toughness. 

To fill this gap a new test has been 
devised which permits evaluations of 
fracture toughness with small test 
specimens. Briefly, stand and Charpy 
V impact specimens are treated by ni- 
triding. This produces a very hard, 
brittle-behaving ayer, completely 
around the circumferential boundary 
surface of the notched section. The 
temperature required for this method, 
975 F, do not alter structure or prop- 
erties of the Ni-Mo-V steel which we 
investigated. (Of course, steels sub- 
ject to temper brittlement at 975 F 
would need further treatment to avoid 
or remove embrittlement produced 
during nitriding.) 

The brittle boundary has two ef- 
fects. First, it reduces drastically the 
impact energy absorbed (apparently at 
all temperatures ), and second, it raises 
considerably the brittle-to-ductile tran- 
sition temperature as measured by 
either energy or fracture appearance 
criteria. 

“A New Fracture Test for Alloy Steel,” by D. 
lL. Newhouse and B. M. Wundt, Large Steam 
Turbine Generator Department, General Elec- 


tric Co, Schenectady, NY, published in Metal 
Progress, July 1960, p 81. 


Tin and its uses 


Anti-friction bearings containing 
6% of tin, remainder aluminum, are 
now being made in France from rod 
which has been continuously cast. The 
advantages of this method of casting 
are, that the structure of the tin-alu- 
minum alloy has excellent anti- 
friction qualities, combined with high 
strength, and the material can be used 
for solid bearings without a. steel 
backing. 

Although tinplate containers are 
used in their thousands of millions 
this is only possible thanks to the 
most careful methods of control of 
the material, both in its manufacture 
and usage. Some of the intracacies 
of the study of these problems are de- 
scribed in an article entitled “Resist- 


ance of Tinplate to Rust and Corro- 
sion’”’. 

There is also an article on the value 
of employing both zinc and tin to- 
gether as electro-plated coatings upon 
steel exposed to severe weather con- 
ditions. 

Perfection in soldering is a “must” 
for the electronic industries and an 
article in this issue of “Tin and its 
Uses”’ discusses the merits of various 
types of pre-treatments of parts which 
have to be soldered and suggests a 
combination of electro-plating with 
pure tin, followed by fusion of the 
coating, which may be the practical 
answer in many instances. 

“Tin and its Uses,” published by the Quarterly 
Journal of the Tin Research Institute, Fraser 


Road, Greenford, Middlesex, England, Oct 
1960. 


Ultra high-strength steel 


It is only in quite recent years that 
serious efforts have been made to ex- 
ploit for commercial use the high 
strength potentialities of steel as a 
constructional material. Previously an 
upper tensile-strength limit of about 
200,000 psi had been adhered to in 
the belief that higher strengths were 
necessarily associated with dangerous 
brittleness. Pressure from the air- 
craft industry for higher strengths in 
order to obtain higher strength-to- 
weight and strength-to-bulk ratios in 
airframe components than can be se- 
cured by using the steadily improving 
lighter weight aluminum, magnesium 
and titanium alloys led to realization 
of the unsoundness of the brittl ness 
fear and the emergence of steel from 
its long hiberation. Since then the 
operating strength level has been 
steadily advanced, until today several 
steel aircraft parts are commercially 
produced heat treated to a tensile 
strength bracket of 260,000-280,000 
psi. 

The problem has been to advance 
strength with little or no increase in 
carbon content. This was to be done 
in the face of an increase in temper- 
ing temperature to a safer range, 


continued on page 77 
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BRIGHT 
ANNEALED 
MAGIC... 








Now more attractive than ever, modern stainless steel 
is trimming the cost of beautiful appliances. 

Republic Bright Annealed Stainless Steels for mold- 
ing, trim, and main members require far less processing. 
You reduce or eliminate the need for costly buffing. And, 
the bright annealing process eliminates the possibility 
of chromium depleted areas. 

Uniformly bright, Republic Bright Annealed Stain- 
less Steel is the economical way to achieve lasting 
beauty. Republic also offers continuous rolled stainless 
sheet 60 inches wide (not yet available in bright 
annealed finish), a more uniform sheet with a better 
finish. 

Contact your Republic representative or mail the 
coupon for complete information. 

















EXCELLENT PAINT-GRIPPING surface characteristics and corrosion resistance of 
Republic Electro Paintiok® are not affected by forming operations. Produced 
by electro-galvanizing, plus a chemical treatment, Electro Paintiok not only 
holds paints, lacquers, and enamels better, but has an exceptionally smooth 
surface that results in finished, painted products with more eye appeal. Mail 
coupon for more information. 


BENDING, FLANGING, seaming—ductile zinc coating on Republic Galvannealed 
Sheets stays tight, resists flaking, peeling, or spalling. Hot dip galvanizing plus 
special heat treatment give galvannealed a graduated coating of iron-zinc 
alloys between the pure zinc outer surface and the base metal. The tough, 
uniform protective finish is spangle-free, provides an ideal paint base, with- 
stands temperatures up to 750°. Send coupon. 


wane 
REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


aN 
YF Py 


Strong, Modern, Dependable 


MASS PRODUCTION FORMING processes do not damage the uniform, 
tight zinc coating of Republic Continuous Galvanized Sheets. This 
product is ideal for appliance-making applications where cor- 
rosion resistance and low initial cost are considerations. Zinc 
coating won't crack, flake, or peel under any forming process 
permitted by the base metal. Costly dipping after fabrication is 
eliminated. To get more information, send coupon. 


REPUBLIC STEEL CORPORATION 

DEPT. PE -2306-A 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Please send additional information on the following: 
O Bright Annealed Stainless Steel 

O Continuous Rolled Stainless Sheet 

O Electro Paintlok Sheets 

O) Galvannealed Sheets 

O) Continuous Galvanized Sheets 
ES EE 
Birtles ditraialiec nner eiadiniasstdiaanieeeiemmmann steeped 


CO On 


OO 


CIRCLE 75 ON READER SERVICE CARD 








ZE10A—with high welded joint strength—is ideal for making light, 
strong containers like the Tote Bin (right), built by Tote Systems, 
Inc., Beatrice, Neb., a subsidiary of Hoover Ball and Bearing Co. 


NEW DOW MAGNESIUM 
ALLOY ZEIOA... 


high welded joint strength 
and no stress relief! 


<> 
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New Dow magnesium alloy ZE10A needs no post- 
welding stress relief. This strong sheet alloy is 
tailor-made for fabricating containers, truck bodies 
and other large structures. And it’s ideal for field 
repair operations where stress relief can be a 
real problem. 

ZE10A also offers the advantage of very high 
welded joint strength, a matter of importance in 
butt welding. The result is strong, stiff, welded 
containers which are extremely light in weight... 
with greater capacity, pound-for-pound, than con- 
tainers made from any other metal! And ZE10A 
provides maximum dent resistance. 

When welding ZE10A magnesium sheet to extru- 
sions, use Dow magnesium extrusion alloy ZK21A. 
Neither alloy requires stress relief after welding. 
For further information and data on Dow mag- 
nesium alloys, write THE DOW METAL PRODUCTS 
COMPANY, Midland, Michigan, Merchandising 
Department 1112DZ9-4. 


THE DOW METAL PRODUCTS COMPANY 
Division of The Dow Chemical Company 














HOW MAGNESIUM 
NO-RIB DESIGN 
CUTS CONTAINER 
COSTS AND WEIGHT 





Cargo containers can be made both 
strong and light . . . and at less cost 
. with magnesium no-rib design. 
Fabricated from stiff sheets of light- 
weight magnesium, container walls 
need no stiffening ribs or supports. 
No-rib design eliminates costly, 
time-consuming installation of ribs 
and fasteners . . . provides strong, 
dent-resistant walls that are smooth 
inside and out . . . produces econom- 
ical containers that, pound-for-pound, 
have greater cubic capacity than 
ribbed containers of any other metal. 
Dow magnesium sheet alloy ZE10A 
is ideal for no-rib construction. It 
provides high welded-joint strength 
and needs no stress relief after welding. 
For equipment handling and cargo 
containers, storage bins, vehicle 
bodies, magnesium no-rib construction 
offers maximum strength at lightest 
weight . .. and savings in construction 
time and costs! 


<> 


THE DOW METAL PRODUCTS COMPANY 
Division of The Dow Chemical Company 
Midland, Michigan 
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DESIGN ABSTRACTS continued 
which, nevertheless, could not be in 
an embrittling zone. There would be 
an added solid advantage in that 
by adjusting carbon downward, sub- 
stantial improvements in ductility and 
toughness could be obtained at the 
existing strength level, or at any in- 
termediate strength. 

“300-M Ultra High Strength Steel.” Published 


| by the International Nickel Company, Inc, 67 
| Wall St, New York 5, p 1. 


* 


Designing with magnesium 

These design notes are selected 
from many sources of information on 
magnesium including company bulle- 
tins, technical papers, sales manuals, 
laboratory reports and similar material. 
The data is presented in an informal 
manner, often utilizing photocopies 
of tables and drawings from the orig- 
inal source material. While most of 
the material is based on fairly exten- 
sive laboratory and service results, 
some data is necessarily based on a 
limited number of tests. These re- 
sults are useful to the designer to 
show trends and wherever such mate- 
rial is used, it is so designated. 


“Magnesium Design Notes,” published by the 


| Dow Chemical Company, Midland, Mich. 


a 


Hydrogen permeation 
through metals 


Permeation of hydrogen through 
metals at elevated temperatures is of 
interest commercially both from the 
standpoint of containment of the gas 
and for its effect on the properties of 
the metal. 

The present work was concerned 
with evaluation of the permeation 
properties of two oxidation resistant 
high temperature alloys, AISI Type 
446 stainless steel and an iron-chrom- 
ium-aluminum alloy. 

The results obtained on 446 SS and 
the FeCrAl alloy were generally the 
same. The formation of a continuous 
oxide film on a metal surface results 
in a thousand-fold reduction in the 
rate of hydrogen permeation at ele- 
vated temperatures. 

“Hydrogen Permeation Through Metals, Alloys 
and Oxides at Elevated Temperatures,” by C. 


L. Huffine and J. M. Williams; Corrosion, Sept 
‘60, 1061 M & M Building. Houston 2, Texas. 


continued on page 80 





BRAS? 
SAMPLES 


TO YOUR SPECIFICATIONS 
IN ONE WEEK 


Precision, seamless drawn brass 
tubing up to 4%” O.D. Toler- 
ances of diameter, wall, out-of- 
round, camber, and length 
exceeding ASTM minima. Un- 
usually high finish surface. 
Competitively priced. On-time 
deliveries. 


RPORATI 


AVINS INDUSTRIAL PRODUCTS 


50 BROADWAY, NEW YORK 4, N.Y 
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IN THIS ISSUE— 
A NEW 
READER SERVICE 


A new, easy way for you to 
get suppliers’ catalogs and bul- 
letins—more than 1500 of them 
—indexed by product and al- 
phabetically by company name. 
An exclusive PRODUCT ENGI- 
NEERING service. 


THE DESIGN ENGINEERS’ 
PRODUCT CATALOG INDEX 


THIS NEW INDEX 
STARTS ON PAGE 599 
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Armco offers unmatched experience in production of 
continuously zinc-coated and aluminum-coated steels. 


Use this modern 
symbol! of strength, 
economy, durability 


re, 


Armco Offers 


In 20 gage, 36-inch width, 
zinc-coated and alumi- 
num-coated sheet steels 
produced by Armco would 
circle the earth more than 
26 times! 


Three varieties of Armco zinc-coated 
steel were used in these auto parts. 


et 


Heat-resisting parts, like this 
heat exchanger, serve longer 
when made from Armco 
ALUMINIZED STEEL. 
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633,000 “Miles of Experience” in Coated Steels 








Quantity is one measure of experience. Job-tailored quality is another. It’s the 
result of Armco’s continuing refinements and innovations in practices for produc- 
tion of coated steels to meet specific needs. For example, consider Armco ZinccriP®, 
the original (1936) continuously hot-dipped zinc-coated steel. Today, it provides 
zinc protection and workability for hundreds of manufactured products. In addi- 
tion, Zinccrip has taken on new dimensions—both figuratively and literally. 
Depending on gage and width, you can order varieties with or without spangles, 
and to speed production of painted parts, with mill-applied paint-holding surfaces. 
In 12 through 20 gage, ZinccriP also is now available in the widest hot-dip zinc- 
coated sheet produced—72 inches, 


Two aluminum-coated types 
For products requiring special kinds of durability, there are two Armco-developed 
hot-dip aluminum-coated steels. ALUMINIZED STEEL Type 1 provides low-cost re- 
sistance to combinations of heat and corrosion. Type 2 gives products outstanding 
life outdoors. 

Measure quality of Armco’s service-proved coated steels yourself. They’re made 
to perform well—in production and in products, Mail the coupon for complete 
information. 





Armce Division, Armco Steel Corporation 

2041 Curtis Street, Middletown, Ohio 

PLEASE SEND information on [[] Armco ZINCGRIP [] Armco ZINCGRIP PAINTGRIP 
(0 Armco ZINCGRIP A (spangle-free) [] Armco ZINCGRIP A, PAINTGRIP 

(0 Armco ALUMINIZED STEEL Type 1 [) Armco ALUMINIZED STEEL Type 2 


Name Title. 





Firm 





Street 








‘ a ene 
ARMCO Armco Division 


V 
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fine tubing in 
rexel (eraalelitlaamlare 
tantalum 


You can now get fine, seamless tub- 
ing in columbium and tantalum 
from UNIFORM TUBEs and profit 
from. UNIFORM’s standard policies 
of (1) top quality, (2) close toler- 
ances, (3) fast delivery and (4) low 
prices. Drawn to your specifica- 
tions with tolerances of + 0.0005” 
or better, columbium and tantalum 
tubing is available with any speci- 
fied O.D. from 0.010” to 0.500”. 
Wall thicknesses range from 0.065” 
to 0.001” with equally close 
tolerances. 


Although drawn specially to 
your order, columbium and tanta- 
lum tubing will normally be 
shipped within 2 to 3 weeks. 


This tubing is offered in random 
straight lengths to 20’ or cut to 
specific lengths, free of burrs. For 
subsequent ease of fabrication, 
tube lengths are fully annealed in 
vacuum furnaces. If you prefer, 
UNIFORM will fabricate columbium 
and tantalum tubular parts for you 
with the same skills and care that 
enable us to draw the original tub- 
ing to such close tolerances. Be- 
sides placing full responsibility 
with one supplier, you get the ad- 
vantages of UNIFORM’s low prices 
when tubular parts are fabricated 
“at the mill.”’ 


If you use or specify columbium 
or tantalum for their high-temper- 
ature strengths, corrosion resis- 
tances to hot acids, molten metals 
and metallic salts, or for their other 
outstanding properties, then write 
today for details on fine seamless 
tubing and fabricated parts of 
these rare metals. 


UNIFORM TUBES, 


INC. COoLLEGEVILLE 2. PA 


HUxley ¢ 
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Beryllium in gyroscopes 

Pure beryllium possesses a unique 
combination of the special properties 
required for floating structural ma- 
| terial in inertial components. Because 
| of these properties, the use of this 

rather rare metal in gyro parts is 

rapidly increasing. This paper lists 
| the properties of beryllium, discusses 
the problems that must be overcome 
in its use, and describes methods be- 
ing applied to meet these problems. 





“Beryllium and its Application to Precision 
Gyroscopes,” Richard H. Schoemann and Ev- 
gene S. Rocks. Sperry Engineering Review, 
October 1960, Great Neck, NY. 


| Superalloy for 190 F 


This latest nickel-base alloy Astroloy 
contains, among other alloying ele- 
' ments 4.5% aluminum, 3.5% titan- 
ium and 0.03% boron. It has excel- 
lent yield strength and stress-to-rupture 
properties, and can be readily shaped 
and welded while in the annealed 
condition. ‘These properties are ex- 
pected to make the alloy useful in jet 
engine components such as turbine 
blades. 
“Astroloy—a Superalloy for 1900F. Use,’ by 
J. ¥. Borker, W. H. Couts, Jr., R. J. Morris, 
Metallurgical Engineering Jet Engine Dept, 
General Electric Co, Evendale, Ohio. Published 
in Metal Progress, Dec 1960, p 94. 


Notch toughness of steel 


As the need for steels that will re- 
sist brittle failure at lower tempera- 
tures has increased, the problem has 
developed of producing weld metal 
which will match the notch toughness 
of the base material. Although prog- 
ress has been made on a empirical 
basis, limited basic work has been con- 
ducted in an attempt to determine 
the valiables which control the notch 
toughness of weld metal. Effects of 
g energy input, restraint during 
welding, and weld-metal composition 
on the notch toughness have been 


welding 


investigated. 


“Some Factors Affecting the Notch Toughness 
of Steel Weld Metai,” by K ©. Dorschu, Air Re- 
duction Co. and R. D. Stout, Lehigh University. 
Presented at AWS National Fall Meeting 1960 
American Welding Society, 33 West 39th St, 
New York 18, N. Y. 
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Producing synthetic alloys 


The effect of compacting pressure, 
sintering temperature and _ sintering 
time on compound alloys from the 
soft low melting metals tin, magne- 
sium, zinc, lead, cadmium and _ bis- 
muth with WC and TiC is investi- 
gated on the basis ot the density 
values. 

“Attempts at Producing Synthetic Composite 
Alloys,” by D. E. Gucer, Div. of Engineering, 


Providence, R. 1|., Powder 
1960, p 119. 


Brown University, 
Metallurgy Bulletin, December 


Concentration cells 

This paper describes improved tech- 
nique for continuous recording of 
maximum current output of concen- 
tration cells and for obtaining corro- 
sion rates of cell electrodes over short 
periods. Rust film on steel increases 
activity of local or physically sepa- 
rated dissolved oxygen cells. 
“Concentration Cells and Aqueous Corrosion,” 
by Glenn A. Marsh and Edward Schaschl, Pure 
Oil Research Center, Crystal Lake, éll. Corro- 


sion, Sept ‘60, 1061 M & M Building, Houston 
2, Texas. 


Corrosion-resistant alloys 


This booklet gives characteristics of 
various alloys such as stainless steel, 
aluminum, nickel, copper, and high- 


temperature resisting materials. 


“Harper Alloys,” Harper Corrosion Guide, p 7. 


Updating high-temp metallurgy 

Since 1958, there has been much 
progress in the field of high-tempera 
ture alloys, particularly at the two 
ends of the temperature scale. Be 
tween room temperature and 500 F, 
hold the 
suitable 


steels most 


tungsten is 


“‘Ausformed”’ 
promise, while 
for temperatures above 3000 F. Th 
tanium alloys, cold worked nickel al 
loys, and molybdenum and columbium 
alloys are also improving the high 
temperature picture. 

“Updating High-Temperature Metallurgy,” by 
E. S. Jones, Manager, Alloy Studies Unit, and 
L. P. Jahnke, Manager, Metallurgical Engineer. 
ing, Flight Propulsion Laboratory D-p'. Gen 
eral Electric Co, Cincinnati, Ohio, published in 
Metal Progress, the Society for 
Metals, October 1960 


continued on page 86 
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PATTERN 





Wrapper stock or drawn parts, flat panels or roll-formed fittings—whatever the application, 
Wide Pattern Designed Sheet gives finished products snap and sparkle that attract buyers, 
boost sales. Patterned Sheet—as wide as 60 inches, thicknesses from .0179 to .0897 inch—is 
available in commercial, drawing and AK drawing quality steel; has same fabricating properties 
as plain cold-rolled sheet in your processing equipment. Rolled-in designs— unlimited in range 
—take paint, enamel, porcelain, plated finishes. Investigate Wide Pattern Designed Sheet 

steel with decorative appeal, from... PITTSBURGH STEEL COMPANY, Pittsburgh, Pa. 


for other steel specialties turn page. 








HOW “BOSTON” PROFITS FROM 
THOMAS NICKEL-COATED STRIP 


Thomas Strip buffed nickel-coated steel strip 
reflects 40% saving, fewer production steps 
for C. Howard Hunt Pen Co.’s pace-setting 
‘“‘Boston”’ pencil sharpeners. 

At Statesville, N.C., Hunt Pen blanks, 
embosses, pierces, spot-welds wrapper stock 
for sharpener cases from coils of 2 by .010-in. 
buffed nickel-coated steel. Firm has depended 
on Thomas Strip Division of Pittsburgh Steel 
Co. 20 years for brilliant finish. Purchasing 
Agent T. V. McCurdy tells why: 

“‘We once used stainless for wrapper stock 
but costs skyrocketed. Thomas Strip costs 
40% less, gives us handsome appearance, dura- 
bility and easy fabrication of steel. It elimi- 
nates expense and headaches of plating, too. 

“‘We’re more critical of this material than 
any other—the slightest scratch stands out. 
We’ ve never had to reject any during our long 
relationship with Thomas.” 

Hunt Pen produces more pencil sharpeners 
with nickel-plated strip than any other U.S. 
manufacturer. Assembly of ““Champion”’ port- 
able model is shown above. 


Want to learn how Thomas Pre-Coated Strip 
Steel Specialties can help you? Ask, and we'll 
show you. 


“WE GET BETTER PRODUCTS 
FOR LESS WITH THOMAS 
PRE-PAINTED STRIP,” SAYS 
NATIONAL GYPSUM COMPANY 


Tough, durable vinyl-enamel coat on Thomas 
Pre-Painted Strip fabricates easily as plain 
steel, gives a profitable boost to ‘““Gold Bond”’ 
quality of National Gypsum Company’s metal 
building products. 

Exposed pre-finished partition bases, cor- 
nice moldings, wall trim and “‘J’’ suspension 
channels are roll-formed by National Gypsum 
Company’s Niles, O., Metal Building Prod- 
ucts plant. Coiled strip sizes range from 18 to 
24 gage in widths 2!% to 4)4-in., painted one 
side with white, grey or red, and wash-coated 
opposite side. 

‘Thomas Strip Pre-Painted gives us prod- 
ucts far superior to those we got when we spray- 
painted after forming. It saves us 8.75 to 9.2% 
of production cost and reduces inventory prob- 
lems,”’ says Plant Manager D. K. Archer. 

“The paint coat has better adhesion and 
takes roll forming without cracking or peeling. 
Thomas supplies us superior material of uni- 
form, consistent quality that suits our require- 
ments.” 

Photo below: roll forming 10-ft. Snap-On 
bases. 


Eliminate your paint-line problems with 
Thomas Pre-Painted Strip. Let us show you how. 


PITTSBURGH STEEL COMPANY 





SQUEAKS, RATTLES SILENCED WITH 
THOMAS PLASTIC-COATED STRIP 


Primary use of Thomas Plastic-Coated Steel 
is in decorative applications. But it performs 
a unique practical task for manufacturers of 
fine furniture. 

Laminated to Thomas cold-rolled strip, the 
plastic coating assures absolutely noiseless 
functioning of modern, strong steel springing. 

Universal Wire Spring Division of Hoover 
Ball & Bearing Co., Georgetown, Ky., uses 
Thomas Plastic-Coated Strip to make spring 
retainer clips that anchor its sinuous wire Uni- 
Torg and Uni-F lex springs to furniture frames. 

“‘We tried applying pressure-sensitive tape 
to steel for this clip, but decided on Thomas 
Plastic-Coated. It’s pre-finished and doesn’t 
slip or peel in forming or in use,’”’ says Bernie 
J. Johnson, sales vice president, upholstery 
spring division. 

“The clip acts as a pivot as well as an an- 
chor for our engineered 
seating springs. Steel 
against steel produces 
squeaks and rattles. The 


plastic coating eliminates n 
them—and makes an im- wn 


portant sales point.” 


Decorative or functional 
—whatever the need, 
Thomas Steel Specialties 
will make your product 
better, too. 


THOMAS STRIP HELPS 
“BUILD A BETTER MOUSETRAP”’ 


World’s biggest trapmaker, Animal Trap Co. 
of America, has the long-sought “‘better mouse- 
trap.’’ And Thomas Strip Copper-Coated 
Steel helps make it so. Rattraps, too. 

Animal Trap Co. of America, Lititz, Pa., 
has depended on Thomas Strip over 25 years 
for close tolerance copper-coated steel strip 
to make bait pedals, locking bars for a dozen 
models. 

The firm produces millions yearly from 
Thomas electroplated stock in sizes from 
.4375 by .025-in. to 5 by .035-in., +2 temper. 
Precise tolerances, consistent temper of base 
steel allow long, trouble-free runs through 
progressive dies, automated assembly lines. 

“Base steel gives strength, economy—the 

planished copper finish pro- 
vides appearance and cor- 
rosion resistance needed to 
out-sell cheap foreign-made 
traps,’’ says Sales Vice Presi- 
dent D.S. Morrison. 


Want the world to beat a 
path to your product’s door? 
Thomas Strip plain or coated 
steel specialties may be what 
you need. Ask. 


PITTSBURGH STEEL COMPANY 





BRASS-COATED THOMAS STRIP 
SAVES FOLDING-RULE MAKER 
60% IN METAL COST 


Thomas Strip Brass-Coated steel measures up 
to strict cost, tolerance, strength and appear- 
ance standards for Evans Rule Co. of Eliza- 
beth, N.J., leading producer of measuring 
rules and tapes. 

An improved type of wood folding rule— 
assembled with 11 patented spring joints, 
fabricated from Thomas electro brass-coated 
strip—is produced for Evans by a subsidiary 
—Fabrule Co.—in a fully automated plant. 

For rule joints, Evans buys two sizes of 
Thomas brass-coated strip—1.812 and 1.562 
in. wide by .012-in. thick, #3 temper, plan- 
ished and oiled. 

““Brass-coated strip saves us about 60% 
over what we’d pay for pure brass for rule 
joints,” says John J. Evans, board chairman. 

“Besides that, the base steel suppliesstrength 
to take abuse, as well as rigidity needed when 
the rule is opened. The brass coat provides 

protection against corrosion 
and the planished finish re- 
sults in a sales boosting 
appearance. Physically, 
width and temper uniform- 
ity is critical for processing 
through our automated 
lines.”’ 


Do expensive metals hike 
your product cost? Inquire 
how Thomas Strip pre-coated 
steel can help you save. 


The STEELMARK on a product 
tells you it is made of steel. 
Look for it when you buy. 


NEW—BRUSH PATTERN DESIGN 
FOR THOMAS PRE-COATED STEEL 


Here’s a brand new addition to Thomas Strip 
Division’s wide range of pre-coated and pattern 
designed finishes for decorative applications. 

Called “‘Brush Pattern Design,” this new 
Thomas Strip specialty reduces finishing costs, 
enhances sales appeal through its deep, lus- 
trous, textured and buffed surface—offers 
products attractive “‘plus’’ that influences 
buying decision, moves items off the shelf. 

“Brush Pattern Design’’ is cold-rolled strip 
electroplated with copper, brass, nickel or 
zinc coating, buffed to soft highlighted finish, 
protected by clear lacquer. 

New Thomas Strip technique produces 
Brush Pattern Design Strip with uniform, 
nontarnishing plated coating across entire sur- 
face. Fabricates easily, without distortion of 
pattern finish. 


Reduce your product’s finishing costs, improve 
its appearance with Thomas Brush Pattern De- 
sign. Thomas experience, design help is yours 
for the asking. Call or write. 


THOMAS STRIP DIVISION 
PITTSBURGH STEEL COMPANY 


Grant Building - Pittsburgh 30, Pennsylvania 


—s DISTRICT SALES OFFICES 
j 
(P| Chicago Detroit Philadelphia 
Cleveland Houston Pittsburgh 


Dallas Los Angeles Tulsa 
Atlanta Dayton New York Warren, Ohio 





come closer 


to 
finished product 
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with B&W Tubing, Extrusions and Rolled Rings 


As a result, the B&W mechanical tube, extrusion or 
rolled ring you specify is sized, shaped and engineered 
to come as close as possible to finished product. Fabri- 


If your design ideas are restricted by lack of proper 
starting stock, why not give some thought to the design 
freedom you get with B&W Tubular Steel Products? 

First, you have complete material selection from a 
wide range of stainless, alloy and carbon steels. Once 
the proper grade is selected, B&W can furnish the 
desired physical and mechanical properties to match 
your production procedures and end-use application, 


cating operations and final costs are reduced. 

Make good design sense? To find out more, contact 
your local B&W District Sales Office. Meanwhile, 
write for Bulletin T483. The Babcock & Wilcox Com- 
pany, Tubular Products Division, Beaver Falls, Pa, 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 


TA-1038-A 


Seamless and welded tubular products, solid extrusions, rolled rings, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and spec 
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DESIGN ABSTRACTS continued 


AG wh Cre € lse ‘ Vanadium in steel 


Vanadium as an alloying element 


me / in steel is designed in the first in- 
( / Hl You Du U/ stance to elevate the temperature at 
. z which the steel begins to show an 
Wore E 4 a E R i E N C E at enlargement of the grain size, so that 
in effect it produces a more refined 
microstructure. Secondly, vanadium 
in steel has the effect of making it 
more hardenable, as long as certain 
conditions are fulfilled. The refine- 
ment of grain structure is caused by 
the ability of the element to form 
carbides. Vanadium also forms oxides 
and nitrides, and it is in considering 
the influence of these that the study 
of the binary vanadium systems be- 
comes important. 


| Seah tacte te bi. 2 a % “Vanadium in Steel,” Published in Mechanical 


; > : : World, July 1960, p 285. 
... in the design, development, ...in the design and manufac- ered, Suty 1p 2 


and manufacture of aerial de- ture of lightweight missile 
livery systems. support cabinets and consoles. * 


Zinc plated steel 


This paper suggests a mechanism 
for the difficulty met in barrel plating 
and explains why the phenomenon is 
not found when the same parts are 
rack plated. 

“Zine Plating of Carbonitrided Steel,” Leonard 
R. Kohan and Howard T. Francis. Plating, Oc- 


tober ‘60, American Bldg, 443-445 Broad St, 
Newark 2, NJ. 





...in the design and manufac- ...in high precision manufac- * 
ture of magnesium gun turret ture of satellite structural 
enclosures. assemblies. 


Strength of structural alloys 


The rapid tensile and short-time 
creep properties are presented for 
three commercial stainless steel sheet 
materials, three commercial nickel- 
base sheet alloys, and one experi- 
mental stainless steel that had been 
cold rolled at —105 F. The speci- 
mens evaluated were heated to test 
temperatures up to 2000 F within 30 
sec. Tensile determinations were 


, made at a strain rate of 0.1 in. per in. 
...in the design and manufac- ...in the design and manufac- : ; . wwe : ” 
ture of lightweight radar reflec- ture of housings, transit cases, — ow —. properties were deter 
tors, plotting board systems pressurized equipment and mined at tensile stresses that caused 


and related equipment. containers. rupture in times ranging from 1 min 


... in the design and production of all types of lightweight to 30 min. Data of this type are 


bli f ‘ 3 ‘ ; A ; needed for the safe and efficient de- 
assemblies—of magnesium, aluminum, titanium, zirconium sign of missiles that are subjected to 
and beryllium. 


Write for wour copy of the new , : severe loads and elevated tempera- 
C Soa for y py of Pee ts fi tures during short service lives of 


+ $¢ page illustrated booklet en- Mic |d a) mly a few seconds or minutes. The 
D+) titled “COUNTDOWN” today. Mt) special equipment used to obtain the 
BROOKS & PERKINS, INC. ae, data is described. . 

The load-carrying capacity of all 


1956 W. Fort Street * Detroit 16, Michigan ; - ‘ 
wie - = of the alloys increases with decreasing 


Tel. TA 5-5900 61-T-1R3 | 
Offices in Washington, New York, Dayton, Boston and Long Beach, Calif. continued on page 93 
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Use this coupon to request... 


12 IDEAS for Designers of Machine Parts 


LaSalle Steel Co., 1430 150th St. e Hammond, Indiana Please attach business card—or 
Please send me the following helpful technical literature: letterhead with name 


“e.t.d.© 150 alloy steel bars”... . #22 “Improve Quality, Cut Costs” “LaSalle LA-LED® ee 
(STRESSPROOF®) #1 steel bars”. . ‘ 


“How to make your own “Effect of copper, abnormally heavy steel bars”. ................... 12 
machine and repair parts drafts, furnace treatment, and die e 3 
quicker and easier”............ 421 practice on STRESSPROOF Steel Bars.” Leaded Alloys”..............413 


“A new material” “Dictionary of Cold-Finished Steel “Residual Stresses in cold-finished 
(FATIGUE-PROOF®)... .......... #10 SORE 5 . H6 steel bars and their effect”... .. #16 


“e.t.d. 180 alloy steel bars” #23 


Here’s a wealth of technical information on America’s most complete line of cold-finished 
steel bars, including these specialty steels: FATIGUE-PROOF, STRESSPROOF, LA-LED, Super 





LA-LED, “‘e.t.d.”’ 150 Alloy, and “‘e.t.d.”” 180 Alloy. 
Use the coupon above to bring your library of LaSalle technical literature up to date. 


“e.t.d. 150 alloy steel bars 
eliminate heat treating of 
parts.” Gives detailed facts 
on 150,000 psi minimum 
tensile alloy steel bars made 
by elevated temperature 
drawing process. Bulletin 22. 


“A new material.” Discusses 
FATIGUE-PROOF, made by the 
“e.t.d.” process, a 140,000 psi 
minimum tensile steel that 
has high strength without 
heat treating, and excellent 
machinability. Bulletin 10. 24 
Pages. 


“The effect of copper, ab- 
normally heavy drafts, furnace 
treatment, and die practice on 
STRESSPROOF Steel Bars.” 
This 12-page engineering re- 
port tells how the precisely 
controlled addition of copper 
improves machinability and 
wear resistance. 


“Super LA-LED, the fastest 
machining steel bar ever com- 
mercially developed.” Tells 
how these lead-bearing steel 
bars machine over 80% faster 
than ordinary screw stocks. 
Bulletin 12. 4 Pages. 


“e.t.d. 180 alloy steel bars 
eliminate heat treating of 
parts.” This bulletin tells the 
story of 180,000 psi minimum 
| tensile alloy steel bars... 
made by elevated temperature 
drawing process. Bulletin 23. 


“Improve Quality, Cut Costs 
by specifying LaSalle 
STRESSPROOF." This 14-page 
bulletin covers STRESS- 
PROOF, a 100,000 psi tensile 
steel that requires no heat 
treating and has excellent 
machinability. Bulletin 15. 


“Dictionary of Cold-Finished 
Steel Terms.” Includes more 
than 180 relatively detailed 
definitions of words used in 
purchase, manufacture, treat- 
ing, machining, and finishing 
of steel. 30 Photos, curves, 
tables. Bulletin 6. 32 Pages. 


| *‘Leaded Alloys." This 4- 
page bulletin gives detailed in- 
formation on LaSalle leaded 
8620 and leaded 4140. Case 
histories show how cycle time 
is reduced, production in- 
creased. Bulletin 13. 


1430 150th Street - 


“How to make your own machine and 

repair parts quicker and easier.” The com- 
plete story of 
all-purpose 
STRESSPROOF 
steel bars that 
are ideal for 
making mainte- 
nance parts. 
Bulletin 21. 


“Get strength in machine parts 
without heat treatment!” 4-Page 
bulletin gives concise informa- 
tion on four specialty steels ... 
STRESSPROOF®, FATIGUE-PROOF®, 
e.t.d. 150, and e.t.d. 180. All offer 
excellent uniformity and machin- 
ability. Bulletin 26. 


“LaSalle LA-LED rree ma- 
chining steel bars."' Dis- 
cusses advantages, such as 
faster machining and in- 
creased tool life. Includes 
7 case histories. Bulletin 8. 
4 Pages. 


“Residual Stresses in cold- 
finished steel bars and their 
effect on manufactured 
parts.” Discusses residual 
stress and fatigue, cracking, 
machinability, tolerances, and 
corrosion. 32 Pages... pocket 
size. Bulletin 16. 


Hammond, Indiana 
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You can have this valuable 
“steel library” FREE! These ten books 


and folders would be an asset to any steel designer’s collection of 
reference material. And you can have any or all of them free—just 
send the coupon. They contain almost everything you’ll want to 
know about USS High Strength Steels, USS Vinyl Coated Steel 
Sheets, USS Stainless Steels, and USS Quenched and Tempered 
Alloy and Armor Steel Structural Shapes. You’ll see how their use 
can reduce weight. . . increase strength . . . minimize corrosion 
. . . reduce steel! costs. Send coupon for the literature you want. 
USS, ‘‘T-1,’’ TENELON and EX-TEN are registered trademarks. 


yf 


structure 


of 


United States Steel 
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This mark telis you a product 
is made of modern, dependable Steel. 


A 1/0Q-page handbook that discusse 2r CC ‘ webabielaiar- hale ec ig ton @eUl obo lebsel-h¢-mmi-lelaler-lilale| 
the essential principles of structura t > alenal-te) j tT te nique Stainiess Stee! are 
jesign, with’ formulas harts 1 Allo j r this newly revised 130 
tables for High Strenath Steels 


Stainless Steel 


Ex-Ten Stee! 


This folder explains why this 

was developed, and gives its 

2 ae) ties, suggested apr 
¢ 


jlator inc 


United States Steel 0 “USS Vinyl Coated Stee! Sheet” 
Room 6026, 525 William Penn Place * ; zs 
Pittsburgh 30, Pennsylvania 0) “Design Manual for High Strength Steels 
0 “USS Quenched and Tempered Structural Shapes" 
Please send me free copies of the books /folders | have checked: 
0) “Fabrication of USS Stainless Steel” 
Name 0 “304L with Nitrogen” 
Title 0 “316L modified” 
0 “The Fabrication and Design of Structures of ‘T-1' Steel.” 


[1] “USS Ex-Ten Steel” 


Company 


Address 0 “How to Weld USS ‘T-1’ Steel” 


City Zone State 0 “USS Tenelon Stainless Stee!” 
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How to improve product design 
through better material selection 


This advertisement is one of a series 
on the advantages of Carpenter Stain- 
less Steel. As a handy reference for 
material selection, these data can pave 
the way for successful results on your 
next assignment. 


Higher elastic modulus 


0 % 
Elastic Medulus psi x 40+ 


The elastic modulus of an alloy is one 
of the most important properties used 
in the design of springs, fasteners, 
diaphragms and many other compo- 
nents subject to stress in service. Ma- 
terials with a high modulus deform 
very little under load; materials with 
a low modulus may be completely un- 
satisfactory because of excessive di- 
mensional change. Stainless steels with 
a modulus of about 29 million psi., are 
ideal for use in such structural com- 
ponents particularly when either cor- 
rosion or heat resistance is also needed. 
The chart above shows the elastic mod- 
ulus of materials sometimes considered 
for such applications. 


Better corrosion resistance 


Fy 


Be 


A good example of Carpenter Stainless 
resistance to corrosion. The nozzles 
used to fill storage batteries with elec- 
trolyte were formerly made from hard 
rubber. These rubber nozzles did not 
corrode, but they broke frequently, 
and proved costly to replace. After 
switching to Carpenter Stainless No. 
20Cb, all problems were solved. No 


breakage . . . no corrosion . . . more 


production per shift. The perfect 
choice of material for this highly cor- 
rosive application. 


Increased productivity 


Big results in miniature . . . with 
Carpenter Mel-Trol® Stainless No. 
440-C. Ten of these miniature preci- 
sion bearings laid side by side measure 
only one inch in length! A miracle in 
close tolerance machining was required 
to fabricate the race and ball retainers 
for these bearings. Since a change to 
Carpenter Mel-Trol No. 440-C, this 
manufacturer has realized a 200% in- 
crease in production. A big improve- 
ment for a small item. 


Elevated temperature properties 





Stainess Type 410 


- 

















Much of the newer industrial and mili- 
tary equipment is being designed for 
service at temperatures higher than 
ambient but not high enough to justify 
the use of the special high temperature 
alloys, for example, the maximum op- 
erating temperatures of 400 to 800°F. 
Alloys other than stainless steels have 
been considered for such applications 
but from both an economic standpoint 
and the stress requirements, one of the 
stainless steels is usually found to be 
the best selection as indicated in the 
chart above. 


[arpenter steel 


you can do it consistently better with Carpenter Stainless Steels for specialists 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


Export Dept., Port Washington, N.Y.—“CARSTEELCO” 

Alloy Tube Division, Union, N.J. 

Webb Wire Division, North Brunswick, N.]. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Application engineering service 

To help improve stainless steel per- 
formance on almost every application, 
Carpenter has placed in the field this 
extra service for all its customers. 
Armed with skill and technical know- 
how, each Carpenter Representative 
is available for ideas and suggestions 
to improve the products you are con- 
templating. His vast knowledge of new 
products, plus application guidance 
and practical assistance can be of great 
help to you. Get in touch with the 
Carpenter Representative nearest you. 
Youll find him a good man to have 
on your team. 


Additional help 

Space does not permit a complete list- 
ing of description and application sug- 
gestions for all grades of Carpenter 
Stainless Steels. For detailed informa- 
tion on all grades of Carpenter Stain- 
less, write today for the Technical Data 
Sheets available upon request. 





Are you getting all these 
performance characteristics in 
the materials you specify ? 


(_] brilliant finish 

[_] maximum strength 
[_] corrosion resistance 
(_] uniformity 

[| hardness 

[] versatility 

(_] good machinability 
[_] ease of fabrication 
[| exacting tolerances 
[_] long service life 

["] customer satisfaction 


Carpenter Stainless gives you 


all these . . . and more! 
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FROM MISSILES AND ROCKETS 


The newest rockets, guided missiles, earth and 
sun satellites have a SEL-REX PRECIOUS 
METAL ELECTROPLATE on their electronic 
equipment and circuitry. The same quality and 
precision demanded by such applications is also 
being provided to leading jewelry manufacturers 
to help them make better, more salable products 
—at lower cost. 


Whether you make missiles and rockets or pro- 
vide lockets for misses, there’s an exclusive SEL- 
REX PRECIOUS METALS PLATING PROC- 
ESS to meet your particular needs. 


*SEL-REX BRIGHT GOLD—the standard of the industry 
—twice as hard as ordinary 24K Gold Plate—mirror- 
bright in any thickness, directly from the bath. 
*AUTRONEX® ACID GOLD—for the exacting industrial 
application — mildly acid electrolyte— absolutely no 
free cyanide—plates at room temperature. 


*DOPED GOLD PROCESSES—doped with antimony or in- 
dium, depending on desired characteristics—best for 
Silicon and Germanium semiconductor applications. 


*TEMPEREX®—Produces pure 24K Gold electroplate 
which will withstand higher temperatures than any 
pure Gold plate known. 


*THERMOKARAT®—Produces exceedingly hard (470 
Vickers) 18K Gold electroplate for decorative or in- 
dustrial applications. 


*RHODEX®—a patented Rhodium plating process which 
yields compressively stressed, crack-free deposits, per- 
mitting thicker Rhodium electroplate than ever before 
possible. 
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*PLATANEX® L/S—low stress Platinum plating process 
produces essentially nonporous electroplate for high 
temperature and other exacting industrial applica- 
tions—no intermediate scratch brushing or burnish- 
ing required. 


*KARATCLAD® GOLD PROCESSES—acid Gold processes 
for decorative applications—Jeweler’s Finish in any 
thickness, in a wide range of non-varying colors. 
BRIGHT RHODIUM PROCESS yields brilliant, fine 
grained, non-tarnishing deposits. Manufactured in our 
own air conditioned laboratories, its purity assures 
consistent quality results for all decorative applications. 
*SILVREX® BRIGHT SILVER—mirror-bright deposits in any 
thickness, operates at room temperature in current 
densities from 10 to 40 asf—hard and ductile deposits. 
SILVER SOL-U-SALTQ@—a water soluble double cyanide 
salt—permits new ease and facility in the preparation 
of Potassium Silver Cyanide plating solutions. 
POTASSIUM GOLD CYANIDE—the purest available—used 
in the preparation of our own exclusive Gold Plat- 
ing Processes—manufactured in moisture controlled 
facilities. 

INDUSTRIAL SILVER PLATING PROCESSES—a complete line 
of silver plating formulations for high speed indus- 
trial applications. 


*Patented 


® 


SEL-REX CORPORATION 


Nutley 10, New Jersey 


The world’s largest selling precious metal electroplating processes 
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clad metals give you the design freedom 


Thermal 
conductivity 


Coefficient 
of ex pansion 


you want without compromising. 


Fine surface 


Resistance 
to abrasion 


*Trademark of Metals & Controls Inc. 


... We'll put them together for you 


When you are choosing materials for new designs, or 
when conducting value analysis on existing products, don't 
compromise on the qualities the parts must have. If you are 
now using single metals or alloys, chances are you're 
compromising 


For example, if you need thermal and electrical con- 
ductivity, and springiness, no one metal can give you the 


optimum in all three requirements. 


That’s where MULtiLAYER clad metals fit into the 
picture. We will give you a spring steel base material with 


a layer of copper clad to it and will weld and coin a gold 
LY J —_ SI Ys 
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finish 


Resistance to 
chemical reaction 


contact ball onto the blade for electrical conductivity. 
Besides giving you more beneficial engineering properties, 
MULtiLAYER will probably save you money because 
you will need less precious metal 

MULtLAYER,, with its hundreds of possible combina- 
tions, gives you another modern material. Take advantage 
of it. WRITE for our general catalog, GP-1B, which 


describes this material in more 


detail and illustrates many 


thought-provoking applications. 


METALS & CONTROLS INC. 


1007 FOREST STREET + ATTLEBORO, MASS 
&® Geer woeorawrte& erpvrie8t@e & Oo Ff 


TEXAS Lai INSTRUMENTS 
Xe INCORPORATED 
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MUL: . 
L ILAYER 


FREE 
DESIGN 


*A Trademark of Metals & Controls Inc. 


FOR e g 


THERMOSTAT METAL 
APPLICATIONS 
IN YOUR PRODUCT 


Without cost or ob'igation to you, a 
qualified engineering team from our 
Applications Engineering Department 
will call at your convenience . . . show 
you how you can cut costs . . . increase 
your production rate . . . improve prod- 
uct quality . performance . . . and 
reliability. They will also offer technical 
advice, design assistance, and help deter- 
mine methods of applying thermostat 
metals in your particular application. 


By modifying a part, this team recently 
helped a circuit breaker manufacturer 
cut his thermostat metal part cost by 
¥3. The modification took advantage of 
wider strip to allow cross-grain blanking 
with a reduction of scrap. 

Concentrating over 50 years of ther- 
mostat metal experience, this depart- 
ment, with its lab and sample service 
groups, is ready to help you, too. 
Interested? Wire or call collect to 
Manager, TRUFLEX Applications 
Engineering, or write today describing 
briefly your particular problem and 
results desired. 


METALS & CONTROLS INC., 
1009 Forest Street, Attleboro, Mass. 
A CORPORATE DIVISION OF 


INSTRUMENTS 


TEXAS 
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DESIGN ABSTRACTS 


. continued 


exposure times from 30 min to | sec 
at temperatures under load. The 
high-strength steels are 
stronger than the nickel alloys at the 
lower temperatures, but the nickel 
alloys retain useful load-carrying ca- 
pacity to higher temperatures than the 
stainless steels do, the short-time creep 
strengths of the nickel alloys in the 
range 1400 to 1800 F being roughly 
equivalent to those of the stainless 
steels in the range 1000 to 1400 F. 

At temperatures up to 1200 F, type 
304 stainless steel that had been cold 
rolled at —105 F to achieve a vield 
strength exceeding 350,000 psi at 
room temperature had higher tensile 


stainless 


strength than any commercial grade 
of stainless steel. 

“Strength of Structural Alloys Under Rapid 
Heating and Loading,” by J. R. Kattus and 
D. W. McDowell, Jr. American Society for 
Testing Materials, 1916 Race Street, Phila- 
delphia 3, Pa. Preprint 71. 


Stress of alloys 


In an infiltration procedure in pow 
der metallurgy, a piece of porous skel- 
eton metal, in contact with a piece 
of infiltrant metal, is placed in a fur- 
nace and heated. When the skeleton 
is cooled after infiltration, the freez 
ing of infiltrant metal initiates from 
on end of the specimen and propagates 
to the other end because of the hetero- 
geneity of temperature or cooling v« 
locity. Generally when a molten 
metal freezes, the volume changes. If 
an infiltrant metal shrinks in freezing, 
the space formed by the reduction in 
volume is filled by the neighboring 
molten metal and if it expands, the 
neighboring molten metal is pushed 
away by the increased volume. These 
phenomena occur from one end to the 
other and after complete freezing of 
the infiltrant there is no residual stress 
by freezing. 

On the other hand, if the freezing 
of an infiltrant metal initiates simul- 
taneously at all surfaces of a speci- 
men, it propagates from the surfaces 
to the central part of the specimen. 
At the central part a shortage or an 
excess of the infiltrant metal appears. 
In the former a tension appears in 
the infiltrant metal and in the latter 
a compression appears. By these 
forces, a compression or a tension ap- 


pears secondarily also in a skeleton 
metal. This way the composite mate 
rial combined with a tensional and a 
compressed phase can be obtained. 
“Stress Infiltration of Two Phase Alloys,” by 
G. Matsumura, Government Industrial Research 
Intitute, Kawasaki, Japan, published in Plansee- 
berichte fur Pulvermetallurgie, December 1960, 
p 111. ‘ 


Residual stresses in steel 


Recent advancements in the appli- 
cation of X-ray diffraction techniques 
to the residual 
stresses in hardened steel have made 
it possible to make studies on the 
effects of thermal 
treatments in steel which, heretofore, 
have been impractical. Such studies 


measurement of 


mechanical and 


are being conducted at the General 
Motors Research Laboratories. One 
study has resulted in new knowledge 
on the origin and distribution of resi- 
dual microstresses beneath mechani 
cally finished surfaces and those found 
in exceedingly shallow surface layers 
on carburized and through-hardened 
steels. X-ray diffraction methods also 
are being applied to gain more knowl- 
edge on the origin of microstresses in 
hardened steel and their effect on its 
mechanical behavior. Progress has 
been made on obtaining quantitative 
information on the distribution of 
microstresses and the changes which 
accompany tempering. 

“A Study of Residual Stresses in Hardened 
Steel Induced by Phase Transformations,” Don- 
ald P Koistinen and Richard E Marburger, 
General Motors Research Laboratories. Gen- 
eral Mofors Engineering Journal, July-Aug- 
Sept 1960, Warren, Michigan. 


Wear of metals at 600 C 


Apparatus is described for measut 
ing friction and wear in controlled 
atmospheres. A comparison is made of 
the room temperature behavior of 
copper, mild steel and brass, rubbed 
against a hardened tool steel, in four 
environments—vacuum, dry _ helium, 
dry carbon dioxide, and dry air. The 
effect of varying the water vapor con 
tent in air is also discussed 
“Friction and Wear of Metals In Gasses Up to 
600 C,” Cornelius, Roberts, United Kingdom 
Atomic Energy Authority. American Society of 
Lubrication Engineers Paper No. 60 LC-9, 5 N 
Wabas', Ave, Chicago 2. 


continuec 
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the right answer 
to your 
hearing problems 


Whether your applications involve high speeds, 
poor lubrication, excessive loads, elevated 
temperatures, dusty and gritty surroundings 
or the use of liquids other than oil lubrication, 
you can specify BEARIUM METAL with 
confidence in its ability to deliver top bearing 
performance. And because BEARIUM METAL 
Bearings, even without lubrication can and 
will stand up under sustained heat and load 
without seizing or scoring the mating part, 
it is obvious that its unusual frictional 
characteristics provide a “factor of safety” 
and “emergency features” not found 
in any other bearing material. 


FEATURES: 

Non-Seizing and Non-Scor- 
ing * Long Wearing « Self- 
Lubricating « Low Coeffi- 
cient of Friction + High 
Compressive Strength « Re- 
sistant to Shock Loads « 
Sound, Uniform Structure. 


Ordinary 
leaded Bronze 


(Above left) BEARIUM METAL magnified 25X 
shows lead (black) in microscopic, globular 
form, uniformly distributed. (Right) ORDINARY 
LEADED BRONZE at 25X shows poor lead dis- 
tribution, with lead between copper grains. 


Bearium Metal 


AVAILABLE IN: 
Cored and Solid bars, cen- 
terless ground rods, ma- 
chined parts and pattern 
castings. 


Try BEARIUM METAL on one of 
your toughest applications and 
prove it to your satisfaction. 
Complete literature on request. 


Write for Bearium Metal Story 


BEARIUM METALS 
CORPORATION 


Mill at Commercial St., Rochester 14, N. Y. 


West Coast: Canada: 
NEVIN ENGINEERING ASSOCIATES BEARIUM METALS OF CANADA, Ltd. 
Pacific Palisades, Calif. Richmond Hill, Ont. 
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Pump sleeves last longer 
with Colmonoy hard sur- 
facing. A carbon steel sleeve 
(left), protected with a Spray- 
weld overlay of Colmonoy 
No. 6 alloy, lasted three times 
longer than a stainless steel 
sleeve (right) in the same 
crude oil pump. 


Small castings protect big 
equipment. Wear resistant 
Colmonoy alloy castings like 
this jet aircraft tail skid pro- 
tect entire assemblies from 
being rendered inoperative 
due to failure of small critical 
parts suffering excessive wear. 


Colmonoy Hard-Surfacing 
Alloys and Methods Make 
Equipment Last Longer 


Six times the service at 
half the replacement cost. 
A conveyor screw for moving 
foundry sand lasted six times 
longer after hard-surfacing 
with Colmonoy No. 1 alloy 
(applied by arc welding), and 
WCR-100 (an oxy-acetylene 
rod). 


Sprayweld Process makes 
smooth overlays fast. Glass 
bottle plants get at least 15 
times longer glass plunger 
life by hard-surfacing their 
plungers with Colmonoy No. 
6, one of five different Col- 
monoy Sprayweld Powder 
grades. 


Corrosion checked, abra- 
sion stopped: A California 
shop reports that oil field 
sucker rod couplings last 
6 to 10 times longer when 
hard-surfaced with Col- 
monoy No. 6 and the 
Spraywelder. When corro- 
sion is not present, only 
the band at each end is 
overlaid. ? 


Write for more information. 


WALL COLMONOY 
@ CORPORATION 


HARD-SURFACING 


Buffalo + Chicago * Houston « Los Angeles « Morrisville » New York + Pittsburgh « Montreal « London, England 
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DESIGN ABSTRACTS continued 


Get more from modern steels 


Progress in steels means improved 
materials for many applications. Here’s 
a report for the idea-minded on possi- 
bilities with high-strength materials, 
carbon, leaner alloy and H-steels, 
leaded grades, steels for cold extru- 
sion, vacuum processed alloys, aircraft 
and missile alloys, nuclear steels, 
coated products and metallurgically 
tailored stainless steels. 

“How to Get More From Modern Steels,” pub- 


lished in Metal Progress, the American Society 
for Metals, Mt. Morris, Ill, October 1960, p 71. 


+. 


The new A-48 test bar 


The most commonly used ASTM 
specification for gray iron, A-48, has 
been recently revised. The new ver- 
sion, A-48-60T, has several new and 
vital requirements. 

Since the transverse test is no longer 
recognized in this specification, it is 
not necesasry to cast a long test bar. 
Although the old test bar sizes can 
still be officially used, it is now re- 
quired that all bars be poured on end 
in dry sand molds. Some foundries 
plan to continue using the long test 
bars because they use the transverse 
test for quality control and sell most 
of their castings to other specifications. 
In foundries where A-48 is the prin- 
cipal specification, a number of ten- 
sile tests will probably be required 
every day so the transverse test would 
be superfluous. A short test bar is 
entirely adequate for tensile tests while 
being more convenient and economi- 
cal. 

“The New A-48 Test Bar,” by Charles F. Wal- 


ton, Technical Director. Published in Gray Iron 
News, August 1960, p 29. 


* 


Progress in copper alloys 


American Brass has recently an- 
nounced a new precepitation harden- 
ing alloy termed “Leaded Nickel 
Copper 831”. Composed of copper 
plus 1% lead, 1% nickel and 0.20% 
phosphorus, this — free-machining 
bronze has, according to report, high 
tensile and yield strengths along with 
high electrical conductivity. The lead 
makes it free machining while the 
nickel and phosphorus combine to 
form nickel phosphide, the hardening 


continued on page 98 
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%. A Bin « THERMOSTATIC 
BIMETAL 


actuating element in 
temperature responsive 
devices 


Thermostatic bimetal—CHACE THERMOSTATIC BIMETAL 
bends with the heat and is a vital component in widely di- 
versified domestic and industrial devices for temperature in- 
dication or protection. Chace Thermostatic Bimetal performs 
such operations as rotating a shaft, opening or closing elec- 
trical contacts, or manipulating a valve in response to a 
variation of either the ambient temperature or heat generated 
by the resistance to electrical current flowing through the 
element. In many cases today, as little as a dimes worth of 
Chace Thermostatic Bimetal is protecting valuable equipment 
worth many thousands of dollars. 


Application of Thermostatic Simetal 


© Car Heaters 
© Voltage 
Regulators 


© Gasoline Gauges 


© Carburetor 
Chokes 

© Ranges 

© Electric Irons 

© Perculators 

© Water Heaters 


© Refrigerators 

@ Furnace Controls 

@ Motor Protection 

© Circuit Breakers 

© Electrical 
Instruments 

© Overhead Relay 

© Room 
Thermostats 

© Temperature 


© Stack Controls 

© Altimeters 

© Safety Pilots 

@ Missile Controls 

© Incubators 

© Fire Alarms 

© Medical 
Sterilizers 

© Damper Controls 

@ Light Flashers 





Indicators 


For more than a third of a century, Chace has specialized in 
the manufacturing of one product and one product only— 
precision Chace Thermostatic Bimetal. It is through this ex- 
perience that has resulted in a world wide reputation of 
dependability. Manufacturers everywhere know when they 
specify Chace Thermostatic Bimetal they are specifying de- 
pendability. 


Send Now For Our Mew Information Booklet / 


It contains many well illustrated pages of valuable design data 
and examples of successful applications of bimetal! More than 
40 types of Chace Thermostatic Bimetal are available in coils, 
strips and completely fabricated elements of your design. 


W. M. CHACE CO. 
Theumostalic Bimetal 


161] BEARD AVE., DETROIT 9, MICH. 
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Chromel-R—A modified 80-20 nickel-chromium 
alloy for use in potentiometers and precision 
wire wound resistors. Pessesses resistivity of 
800 ohms/cmf at 20° C., temperature coefficient 
controlled within 0 + 10 ppm/°C., exceptional 
linearity and stability from —65° to +150° C. 


Chromel-P/Alumel—the world’s standard base 
metal thermocouple combination for measuring 
operating temperatures in laboratory and heat 
treat furnaces—jet engines, nuclear reactors. 
Accuracy is guaranteed to close specified limits 
over the entire range from — 300° to +2300° F. 


Chromel-A—The original 80-20 nickel-chromium 
resistance alloy that first made electric heating 
practical. Widely used in major appliances, 
industrial furnaces and many other devices re- 
quiring heating elements capable of operating 
up to 2150° F. under adverse conditions. 





Alloy 815-R—A lower density, higher resistivity 
iron-chromium-aluminum resistor material that 
gives you 14% more ohms per pound. Noted for 
strength, ductility, resistance to wear and cor- 
rosion. Resistivity : 815 ohms/cmf at 20°C. Temp. 
Coeff.: 0 + 10 ppm/° C. from — 65° to +150° C. 


Chromel-P/Copel-XM—A basic thermo-electric 
alloy combination used primarily as thermopiles 
to actuate and control operating temperatures 
of domestic furnaces, hot water heaters, stoves, 
ranges and other types of heating equipment. 
Noted for accuracy and reliability in service. 


Chromel-AA—A new modified 80-20 type nickel- 
chromium resistance alloy developed especially 
for use in controlled atmosphere furnaces. It 
is highly resistant to corrosion, carburization, 
oxidation and “green rot’’ over the entire range 
of operating temperatures up to 2150° F, 





Copel—a 55-45 copper-nickel alloy for use in 
edge-wound resistors, rheostats, motor starters 
and many other types of devices where operating 
Temperatures do not exceed 1000° F. Has resis- 
tivity of 294 ohms/cmf at 68° F., low temperature 
coefficient and exceptional mechanical stability. 


Hoskins Cunife—A new improved copper-nickel- 
iron ductile permanent magnet alloy. Possesses 
high coercive force and energy product values, 
greater uniformity. Readily stamped, machined 
or otherwise formed by conventional methcds for 
economical production of close tolerance parts. 


Chromel-C—A 60-16 nickel-chromium-iron alloy 
used primarily as heating elements in small 
domestic appliances and other devices that re- 
quire high resistance in limited space for operat- 
ing temperatures up to 1700° F. Also used as cold 
resistor alloy in current-temperature controls. 








ad 


Chromel-D—A time proven low nickel heating 
element alloy developed for use in controlled 
atmosphere furnaces required to operate in the 
critical temperature range between 1500° and 
1800° F. It is highly resistant to corrosion, 
possesses exceptional mechanical stability. 





Alloys 815, 835 and 875—Three superior iron- 
chromium-aluminum resistance alloys for use at 
operating temperatures up to 2150°, 2250° and 
2350° F. respectively. Suitable for certain types 
of appliances, industrial furnaces and kilns 
where proper supports can be provided. 





DETAILED TECHNICAL DATA on these and 
other Hoskins Custom Quality Alloys are yours 
for the asking. Hoskins metallurgical research, 
development and customer engineering services 
are also available to help you solve special design 
and application problems. Write or call today! 





For Electrical Resistance, Resistor, Thermo-Electric and Magnetic Applications 


Developing and producing custom quality alloys is a specialty 

at Hoskins—and has been for over 50 years. Some, like Chromel-A, 
have been responsible for the birth and growth of entire industries. 
Others have made possible many technological advancements in the 
design and performance of countless different end-products. 


Regardless of their application, however, of this 
you can be sure: Each in its particular field is 
unsurpassed for uniformity, durability and 
reliability in service —developed and produced 
especially to help make your products better! 


4459 Lawton Avenue 6 


TYler 5-2860 


Detroit 8, Michigan ° 
In Canada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdale P.O., Toronto, Ontario 
Producers of Custom Quality Alloys for Industry since 1908 
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CONTROL TEMPERATURE, CURRENT AND 
VOLTAGE WITH THERMOMETAL® 


Leading manufacturers rely on the dependable per- 
formance of Wilco Thermometal in electrical appli- 
ances, thermal cutouts, heating controls and many 
other applications involving the indication and accu- 
rate control of temperatures, electrical currents, volt- 
ages, etc. Thermometal is supplied in strip form, rolled 
and slit to close tolerances and tempered to specifica- 
tion. Thermometal elements and sub-assemblies are 
also supplied to specifications, with or without contacts 
attached. Send for literature. 





H. A. WILSON DIVISION 
U.S. HIGHWAY 22 * UNION, N 


ECONOTAPE CONTACTS ARE MOST 
EFFICIENT FOR ELECTRICAL RELAYS 


High reliability welded contacts and contact assemblies 
available for your relays. Weld strength guaranteed. -« 
Overall contact height held within + .00025. Assem- 
blies are available in gold, platinum, palladium, silver 
and their various alloys—both solid and laminated. 
Single contact usable for various contact ratings, for 
wet and dry circuitry—assemblies protected for shelf 
life and handling. Designs for attachment to header 
by welding or brazing. Complete electrical and me- 


[] Thermometal 


METALS AND ALLOYS E- 


PLATINUM CLAD MATERIALS 
FOR ELECTRONIC COMPONENTS 


Platinum clad wire, sheet and tubing provide all impor- 
tant desirable characteristics of the precious metals at 
minimum cost for electronic components. Pure or alloyed 
platinum is securely bonded to base metal with contin- 
vous pore-free platinum cladding guaranteed for en- 
suring reliable functional performance at elevated tem- 
peratures. « Gauge of platinum metal can be specified 
to requirements for economical parts and equipment 
fabrication. Write for literature. 


BAKER PLATINUM DIVISION 
113 ASTOR STREET * NEWARK, N. J. 


' N 1) U $s T . ! E 5. ! N c. 


Ex EcUTINVE OFFICES 


113 ASTOR STREET NEWARK 2 NEW JERSEY 


SALES OFFICES: CHICAGO DALLAS + DETROIT + 
HOUSTON + LOS ANGELES +» NEW YORK + ORLANDO + 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C, 


Please send literature as indicated below, 
addressed to my attention: 


[} Platinum Clad Materials 


[] Econotape 


chanical design services available. — 


STREET 
D.E.MAKEPEACE DIVISION s 
PINE & DUNHAM STREET * ATTLEBORO, MASS * CITY ZONE STATE 
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NUCLEAR INDUSTRY, SCIENCE 
AND RESEARCH 


Sa 


ALUMINUM 
EXTRUSIONS 


PE Extruded Aluminum 
Tube-Plate is early step 
in manufacture of fuel 
and blanket elements 
for atomic reactor. 


Supplier of extruded aluminum for 
nuclear applications, Precision 
Extrusions, Inc., has a proud record 
of achievement with some of 
America’s foremost atomic energy 
installations. 


Complex design problems are today 
being solved by PE development 
engineers working on specialized 
nuclear extrusions. 

Fundamental knowledge and experi- 
ence gained by Precision are avail- 
able to help your organization 
develop new applications for ex- 
truded aluminum or to solve intri- 
cate questions in nuclear design. 


DIVERSIFIED EXPERIENCE 
IN NUCLEAR EXTRUSIONS 


PERSONALIZED SERVICE and full-time 
concentration in aluminum extrusions only assures 
prompt handling and efficient follow-through 
on your inquiry. 

COMPLETE FACILITIES include design 
engineering, die making, billet casting, extru- 
sion production, and standard finishing opera- 
tions. PE service also includes new, complete 
laboratory facilities. 


Wile FOR FREE PE ATOMIC NEWS No. 14 


Ae 


Wend, 


729 E. GREEN AVENUE © BENSENVILLE, ILL. 
PHONE: POrter 6-0340 — (Chicago) NAtiona! 5-4600 
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DESIGN ABSTRACTS continued 


agent. When hardened and cold 
worked, the tensile strength ranges 
from 80,000 to 85,000 psi., and the 
yield strength, from 70,000 to 75,000 
psi. Conductivity is 55% I.A.C.S. 
One of the most interesting new 
alloys is the corrosion resistant “Alloy 
77”. Developed by Bridgeport Brass 
Co., this is the first commercial cop- 
per alloy to employ mercury as an 
addition agent. According to its cre- 
ators, the alloy is intended for use 
whenever trouble from algae growth 
can be expected. In the condenser and 
heat exchanger tubing, which is made 
from the alloy, the added mercury 
helps to limit corrosion and clogging 
by living organisms (the brass people 
call this “biofouling”). Experience has 
shown that the water-deposited scale 
is thin and easily removed, and that 
the tubes can be kept clean by a lower 
concentration of chlorine (or by less 
frequent or shorter chlorination peri- 
ods. It is reported that the alloy re- 
sists dezincification and other forms 
of corrosive attack. 
“Pressure in Copper Alloys,” Metal Progress, 


the American Society for Metals, Mt. Morris, 
IIL, Ocotber 1960. 


7 


Magnetic malleable irons 


Standard or ferritic malleable iron 
is satisfactory for use as a cast, soft 
magnetic material. It is made by heat- 
treating white iron. In addition to 
its magnetic properties, it can be read- 
ily cast into intricate shapes and is 
one of the most machinable ferrous 
metals. By merely changing the heat- 
treatment, pearlitic or martensitic mal- 
leable iron can be produced from the 
same white iron. 

Like all soft, magnetic materials, 
ferritic malleable iron is mechanically 
soft. On the other hand, pearlitic 
malleable and martensitic malleable 
irons are graphitic steels and exhibit a 
range of hardness and strength. They 
have the same availability as ferritic 
malleable and much of its machin- 
ability. Ordinarily, carbon steels are 
not used for magnetic applications, 
but because the pearlitic and marten- 
sitic malleables have the advantages 
outlined above, there is some idea 
that they might be used as a compro- 
mise by giving up some magnetic qual- 
ity to gain mechanical properties. This 
paper supplies the magnetic proper- 
ties necessary for such compromise. 


Magnetically, pearlitic and marten- 
sitic malleables behave like steels if 
allowance is made for the graphite 
which is present. 

“Magnetic Properties of Malleable Irons,” W. 
K. Bock, Director of Research, National Malle- 
able and Steel Castings, Company, Cleveland, 
Ohio. Transactions of the ASME Journal of 


Engineering for industry, p 1, Paper No. 60- 
WA-218. 


Metals and ceramics 


Metals and ceramics have definite 
similarities. They also have definite 
differences. Although many metallur- 
gists have not studied ceramics, it is 
possible for them to understand cer- 
amics readily by making certain com- 
parisons and contrasts between metal- 
lic and ceramic materials. This 
procedure is followed below so that 
generalizations may be presented. 
“Properties, Structures and Characteristics of 
Metals and Ceramics,” Lawrence H. Van Vlack, 
Professor of Engineering Materials and Metal- 
lurgy, The University of Michigan, Ann Arbor. 


Metals Review, October 1960, 404 N. Wesley 
Ave., Mount Morris, Ill. 


* 


Zine die castings 


The importance of zinc in the die- 
casting industry of the United States 
is reviewed briefly. Zinc’s desirable 
characteristics for die casting are men- 
tioned as including economy, repro- 
ducibility, ease of finishing and good 
general properties with long life. 
“Alloy Control for Zine Die Castings,” by Mr. 
J. L. Kimberley, Exec. V.P., and Mr. Ernest W. 
Horvick, Market Dev. Engr., American Zine In- 


stitute. SDCE Paper No. 7 presented at Ist 
SDCE Congress, Nov 1960. Society of Die 


Casting Engineers, Inc. 19382 James Couzens 
Highway, Detroit 35, Mich. 


- 


Beryllium facts 

Beryllium is rapidly becoming a 
production material, and this report 
serves as an introduction to this “won- 
der” metal. In many ways, it seems 
to be too good to be true, but it does 
have a high strength-to-weight ratio, 
high melting point, high elastic modu- 
lus, high atomic density, and good 
thermal properties. 
“An Introduction to Beryllium”, J. D. McKeogh, 
Wyman-Gordon Co, Worcester, Mass. Paper 
No. 13.3 published in NEREM Record; Nov 


1960, Institute of Radio Engineers (Boston 
section), Boston, Mass. 
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NONMETALLIC 
‘MATERIALS 
AND FINISHES 


POLYPROPYLENE, IT’S ENGINEERING PROPERTIES 
by W L Dunkel and R A Westlund, jr 


FRICTION IN THERMOPLASTICS 


EPOXY MOLDING COMPOUNDS, RIVAL FOR PHENOLICS? 
by Paul E Fina 


FOR STEEL FINISHES THESE LOW-FIRING PORCELAIN ENAMELS 
THIS QUICK-AID CHART FOR FINDING COST OF PLASTIC PARTS 
SURVEYED: FINISHES FOR ALUMINUM 


DESIGN ABSTRACTS 


TRENDS: 


@ It’s pretty certain the coming year will see brisker battling for the designer’s 
dollar between tough, rigid thermoplastics and diecast metals. New structural 
thermoplastics should quicken pace, too, after a brief lull following 1958’s intro- 
duction of acetal, polycarbonate, and polypropylene resins. And look for greater 
interest in reinforced thermoplastics: glass-filled polycarbonates became available 
in 61, probably acrylics will get more attention in ’62. But the property “profile” 
of many materials will probably be blurred somewhat—you’ll have to pay closer 
attention to competing claims. 

Composite materials are expected to receive more attention for complex, com- 
bination environments. A few areas you'll be hearing more about: ceramics 
reinforced with nonmetal fibers like quartz, fused silica, and aluminum silicate; 
PVC backed with glass-reinforced polyester resin for stiffness; stainless-clad 
aluminum, and multiple layers of metal oxides on graphite. 

Look, too, for wider use of scuff-resistant and chemical-resistant organic coat- 
ings on metal parts, castings as well as stampings. Improved finishes for zinc 
diecasting will also be coming, as part of an expanded research program. * 
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From: SPE Journal 


POLYPROPYLENE... 


W L DUNKEL 

R A WESTLUND JR 
Market Development Div, 
Enjay Chemical Co, 
Elizabeth, NJ 
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Polypropylene at a glance 


High temperature resistance— 

In the range of 200 to 250 F 
Stress cracking— 

Outstanding resistance 
Permeability— 

Generally lower than polyethylene 
Injection Molding— 

High-melt-index polypropylenes have 

spiral flows about in same range as 

conventional polyethylene 
Extrusion— 

Can be processed by either chill 

roll or water bath 
Thermoforming— 

Both high- and low-melt-index resins 

and high- and low-density resins 

form with equal ease. In sheet 

formability, polypropylene has draw 

ratio of 1.25 to 1. 


Fuultnnll 


properties 


Orxvc of the most important developments in the field of 
high polymers, within the last 10 years, has been the 
advent of stereospecific polymerization. Through the use 
of allyl-metal catalyst, ethylene can be polymerized at low 
temperatures and pressures to yield materials of exception- 
ally high density when compared to the “high pressure” 
type polyethylenes. The extension of this work to the 
stereospecific polymerization of a olefins has resulted in 
a new class of crystalline high polymers. One of these 
which today is receiving much attention is polypropylene. 
Polypropylene possesses a unique combination of de- 
sirable properties that make it suitable for a broad range 
of applications. Some of these properties are: high 
strength, high gloss, high melting point, low density, 
chemical inertness, excellent environmental stress-cracking 
resistance, good abrasion-resistance, high stiffness and low 
cost. These characteristics make polypropylene useful in 
such varied applications as injection-molding, film, sheet, 
pipe, tubing, wire-coating, extrusion-coating, blow-mold- 
ing, monofilaments and fibers. Table 1 compares poly- 
propylene with the more commonly used resins. 


Density 


The low weight-to-volume ratio of polypropylene makes 
it extremely interesting to the fabricator from the stand- 
point of economics. Since polypropylene has the lowest 
density of any commercial thermoplastic, a larger volume 
is obtained with polypropylene than with an equal weight 
of other thermoplastics. Cost savings can be readily 
realized when polypropylene is used to replace other 
materials. For example, in Table 2, the costs of various 
thermoplastic materials are given, along with their respec- 


I—COMPARISON OF PROPERTIES: POLYPROPYLENE WITH OTHER RESINS 





High-density Low-density 


Material Polypropylene Acrylics Cellulosics Nylon polyethylene Polystyrene polyethylene 


Sp gravity 


0.89-0.92 1.18-1.19 1.09-1.22 


1.09-1.14 0.93-0.96 1.04-1.65 0.92-0.94 


Tensile strength, psi ; 3, 500-5, 000 7 ,000-—9 , 000 2,000-8 ,000 7 ,000-10,900 2,800-—5, 500 5,000-9 ,000 2,000-—2,500 
Heat-distortion temp, “F (66 psi) 210-230 160-195 110-235 


Notched impact, 


ft-lb /in. of notch (77 F) 0.5-2 0.4-0.5 0.4-6.0 


Molding temp, °F 


Molding pressure, 


Cost, ¢/Ib 


325-600 380-390 350-490 


300-360 130-175 160-210 105-180 


1-3 0.5-12.0 0.5-5.0 1. 5-20 
470-720 300-600 325-360 330-600 


psi 8,000-20,000 10,000-20,000 8,000-32,000 10,000-25,000 8,000-15,000 10,000-30,000 8,000-20,000 


42 70 41-72 


140-150 38-50 25 32-38 
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200 250 300 350 400 


Temperature, °F 


Polypropylene density-temperature relationship. 








0.920 Polyethylene 








50 Polyethylene 





20 


Time, Mins 


2 Initial stress decay at short times at 25 C in air. 


tive densities and cost per Ib volume. From this, it can 
be seen that polypropylene with a density of 0.90 and a 
current market price of 42¢ lb is competitive on a |b- 
volume basis with some of the newer polyethylenes having 
density of 0.960 and a price of 35¢ Ib. 


The density and consequently the crystallinity of poly- 
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1l—COST-VOLUME RELATIONSHIP 
OF POLYOLEFINS 





Cost, ¢/Ib- 
Material Cost, ¢/lb Vol. 


Polypropylene am eek al 42 37.8 
Polyethylene ada 35 33.6 
Polyethylene... : ; 33.5 31.0 





propylene can be changed by merely heating the polymer 
as shown in Fig. 1. By heating polypropylene of 0.90 
density (at room temperature) to 150 F, 
decreased by 0.025 units. The density decreases rapidly 
to a temperature of about 320 F. At this point a sharp 
charge in density with increasing temperature is noted. 
This sharp change is representative of the melting point 
of polypropylene. This same temperature may be consid- 
ered as the first-order transition temperature of the 
material. The second-order transition temperature of 
polypropylene is approximately —30 F. 


density is 


Molecular weight and melt index 


The molecular weight of polypropylene is usually de- 
termined at elevated temperatures in a high boiling 
solvent such as tetralin. The higher the molecular weight 
of the material, the more difficult it is to process. The 
high-molecular-weight polypropylenes are tough and tend 
to have low flow properties. Because of its higher melting 
point, the melt index for polypropylene is usually meas- 
ured under the standard ASTM conditions (2160 gm) but 
at a temperature of 446-482 F, rather than at the tempera 
ture used for polyethylene. 

Until very recently, polypropylenes having melt-index 
values of no higher than 3 or 4 at 482 F were available. 
Newer manufacturing techniques can produce polypropyl- 
enes with melt indexes as high as 20 or 30 at 482 F. 
These materials are much easier to mold than the low 
melt-index or high-molecular-weight polypropylenes and 
the molded article usually possesses properties different 
from the low-melt-index material. In general, as the melt 
index of polypropylene is increased the impact properties 
of the material are decreased. However, based on our 
knowledge to date, we feel that high-melt-index polypropyl- 
enes will soon be available—with impact properties equal 
to or better than polypropylene of low melt index. 

The effect which melt index has on working with 
polypropylene is very marked. Using the high-melt-index 
resins, articles can now be molded from polypropylene 
which heretofore could not be fabricated. For example, 
20-gallon garbage pails have been molded in a standard 
cycle from the high-melt-index resins. Articles which 
can be molded from low-melt-index polypropylene can 
now be made in shorter cycle times. 


High-temperature characteristics 


Polypropylene has relatively high heat resistance for a 
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lli—-PERMEABILITY OF POLYOLEFINS 
AT 75 F' 





Polyethylene 
sp gr, sp gr, 
Liquid 0.92 0.95 0.896 


Polypropylene 


036 
050 
004 
252 
191 
003 
063 
318 
004 


022 
737 
483 
502 
085 
003 
003 
188 
027 


018 
545 
004 
316 
171 
003 


Distilled water. 
Isopropyl! alcohol... . 
Silicone oil. . 

MEK.... ; 
10% NaCl soluble. . 
Linseed oil 

Mazola oil 

145 
004 


oooocoooc;coo 
ooco°o.-KNnNOO 
cooooooo-o 





1 in units of grams/4 mils/24 hours/4 in.” 


polyolefin-type material. Because of this, the material is 
finding its way into applications where temperatures in 
the range of 200 to 250 F are being encountered. For 
the housewares manufacturer this means that he can 
supply materials or articles which will be resistant to the 
temperatures of dishwashers. It also means that where 
the material is’ to be in contact with water, which is close 
to the boiling point (such as in an atomizer), polypro- 
pylene can be employed with little worry about its dura- 
bility at the higher temperatures. 

Perhaps one of the best ways to measure and compare 
the high-temperature resistance of polypropylene with the 
different polyethylenes is by noting the stress decay of 
the material over a period of time. At test temperatures 
in the range of 77 F, polypropylene has a stress-relaxation 
rate intermediate between low- and high-density poly- 
ethylene, Fig. 2. This trend is apparent under condi- 
tions of equivalent initial stress, as well as with the stress 
equivalent to 50% of yield strength. 

In this last instance, the initial load on the polypropyl- 
ene and high density polyethylene is 24 times that 
imposed on the low-density specimen. 

At elevated test temperatures, as the first-order transi- 
tion temperature is approached, the low-density polyethyl- 
ene exhibits rapid stress decay. Data obtained at 194 F 
show a rapid drop to a negligible stress, Fig 3. It is at the 
higher temperatures that polypropylene is superior to both 
low-density and high-density polyethylene polymers in 
stress retention. High-density polyethylene, after ex- 
tended exposure to elevated temperatures while under 
stress, suffers from heat embrittlement resulting in failure 
of the test specimen. These observations clearly demon- 
strate the advantage which polypropylene has over poly- 
ethylene in applications where high-temperature resistance 
is necessary. 


Stress-cracking characteristics 


Polypropylene is very resistant to stress cracking when 
immersed in various media. An accepted technique for 
determining environmental stress-cracking tendencies in- 
volves the use of Igepal as the immersion fluid. Samples 
of polypropylene bent at approximately 135° and im- 
mersed in Igepal do not develop stress cracks. Samples 
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Polypropylene 
Polyethylene - 0.950 
Polyethylene- 0.920 





0.950 Polyethylene 
Zero stress in 50 Min 
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3 Stress relaxation at 194 F in air. 
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0.920 Polyethylene 720 514 458 
Polypropylene 1380 806 653 
0.950 Polyethylene 1350 638 375 


0.920 Polyethylene 





Polypropylene 


0.950 Polyethylene 
Broke at 
120 Hrs 








| 
0.01 0.1 1.0 
Time Hr 





4 Stress relaxation at 77 F in Igepal. 


of low-density polyethylene and high-density polyethylene 
rapidly fail under these conditions. 

Stress-relaxation determinations have been made in 
Igepal in order to give a more accurate picture of the 
effect of this material on these polymers at several temper- 
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atures. At 77 F the high-density polyethylene stress- 
decays rapidly after 10 hours under an initial stress of 
1350 psi until sample failure occurs after 120 hours. Both 
low-density polyethylene and polypropylene are resistant 
at this temperature, Fig. 4. When tested at 104 F with 
a slightly lower initial stress, the high-density polyethylene 
stress-cracks and fails in seven hours. Low-density poly- 
ethylene and polypropylene are equivalent in their relaxa- 
tion rates. However, measurements made at 150 F 
resulted in immediate failure of the high-density poly- 
ethylene and subsequent failure of the low-density poly- 
ethylene after nine hours. Polypropylene survived the 
entire test, at which point the stress-relaxation rate was 
similar to that obtained in air. 

An example of a practical case where the effect of stress 
cracking is readily apparent is as follows: Three wash 
basins were filled with a detergent, at room temperature, 
to a height of two inches. The filled containers were 
placed on 4-in.-dia steel balls and allowed to remain in 
this position until stress cracking took place. After 16 
hours the pan made from low-density polyethylene showed 
signs of extensive stress cracking. The pans fabricated 
from polypropylene exhibited no stress cracking for several 
hundred hours, at which time the test was discontinued. 
This is a practical test, since the housewife many times 
will place a plastic container, such as these, on top of a 
sharp object in the sink or on a work table. 


Impact properties 


The impact characteristics of polypropylene can be 
related to density and molecular weight. The lower 
density polymers, having lower isotactic contents, are 
less stiff and have better impact properties because of 
their greater ability to deform under impact. The effect 
of molecular weight on impact properties of polypropyl- 
ene is similar to that found with other polyolefins. In- 
creasing the melt index, which corresponds to lower molec- 
ular weight, gives polymers of lower impact strength or 
toughness at constant resin-density. At the same time a 
practical limitation is imposed by the lowering of flow 
properties as molecular weight increases. A balance be- 
tween the impact properties and ease of processing is 
therefore needed. 

Since polypropylene is highly susceptible to orientation, 
it is not surprising to find that materials which have been 
oriented exhibit a much lower brittleness temperature 
than do those which are unorientated. This has been 
demonstrated both in the film and in the fiber field. For 
example, polypropylene which has been molded into a pad 
may be very stiff at 40 to 50 F. On the other hand, ropes 
made from monofilaments extruded from this same resin 
exhibit much better low-temperature characteristics. 
Ropes made from polypropylene have been shown to be 
flexible at temperatures as low as —70 F. These ropes 
can be heated to room temperature and then cooled again 
to —70 F, and the materials will still retain their 
flexibility. 

Although the standard ASTM tests for impact resist- 
ance give some measure of polypropylene’s susceptibility 
to impact, these values have not been found to correlate 
with end-use testing of the products. ‘Two reasons for 
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this may be the effects which the speed of impact and 
cross-sectional area play. In many instances where poly- 
propylene was thought to be ruled out because of labora- 
tory impact tests, it has been found that the final molded 
article satisfactorily passed all end-use tests. This is why 
the fabricator should evaluate polypropylene from an end- 
use standpoint and not only from the laboratory test- 
method standpoint. 

The impact resistance of polypropylene is highly de- 
pendent on temperature. When polypropylene is com- 
pared with styrene and high-impact styrene at tempera- 
tures down to 10 F, polypropylene exhibits an impact 
strength comparable to that of impact styrene and cer- 
tainly better than regular styrene at this and all other 
temperatures. At temperatures between 10 F and —70 F, 
polypropylene is slightly inferior to impact styrene. How- 
ever, at —70 F there is a cross-over and polypropylene is 
superior to both regular polystyrene and impact styrene 
at temperatures below —70 F. Polypropylene has an 
impact energy of 4 ft-lb at —100 F, measured on an — 
unnotched bar, and impact styrene at this temperature is 
the same as polystyrene, or roughly 2 ft-lb per in. 

At higher temperatures the impact resistance of poly- 
propylene is much greater than that of styrene, impact 
styrene and high-density polyethylene. This was 
determined using a notched bar. 

Where improvement in low-temperature impact prop- 
erties is required for specific applications, blending with 
certain elastomers has proved effective as disclosed in U. S. 
patent 2,939,860. Such blends have slightly lower stiff- 
ness, hardness and solvent resistance than polypropylene 
but the excellent resistance to environmental stress-crack- 
ing is retained. These blends are finding applications 
where the resulting combination of properties provides 
the desired end production improvements. 


Permeability 


Polymeric materials, such as polypropylene, which lend 
themselves to bottle blowing and film-forming techniques, 
have become of great value to the packaging industry. To 
the manufacturer and user of such plastic containers, a 
knowledge of their permeability characteristics is of prime 
importance. Over-all, polypropylene has lower permea- 
bility characteristics than polyethylene. A comparison of 
the permeability characteristics of polypropylene with 
polyethylene of both high and low density is shown in 
Table 3. 

In this test, various liquids were placed in contact with 
a piece of 4-mil film, which had been fabricated by flat- 
die extrusion technique. Data in the table were obtained 
at 75 F. Generally speaking, the more crystalline the 
polymer (higher density) the better its impermeability 
properties. This is to be expected. Thus, where a high 
degree of impermeability is desirable, it is apparent that 
the fabricator should consider the use of the higher 
density polypropylene. 


REFERENCE: 

“Polypropylene: Its Properties and Processing Characteristics,” by 
W. L. Dunkel and R. A. Westlund, Jr; Zajay Chemical Co, New 
York 19. Published in SPE Journal, Sep ’60, p 1039. 
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how finish, temperature and 
other variants affect 
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these 
tables and charts compare friction coeffi- 
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AA lot of information has been published in recent years 
on the frictional properties of plastics. Several articles and 
papers have discussed the theory of friction, contrasting 
the behavior of plastics with that of materials obeying the 
classic laws, and attempting to formulate general laws for 
plastics. As yet, however, there is no universal acceptance 
of any one theory. Many workers have published the 
results of experimental work but there is some difficulty 
in comparing and correlating the published data since 
different investigators have used different test methods and 
different equipment. This is an attempt to collate some 
of the published information, and also present some pre- 
viously unpublished results obtained by Imperial Chemical 
Industries. 

In measuring the frictional properties of plastics, the 
results recorded depend as much on the method and 
conditions of test as do, for example, the results of tensile- 
strength measurements. A single figure quoted as the 
coefficient of friction of a plastic material—-whether the 
static or the kinetic coefficient—is valid only for the specific 
loading conditions, temperature, humidity, operating speed, 
etc., which obtained during the test. Nevertheless, test 
results can be of value both in assessing the likely fric- 
tional behavior of a material and in comparing the likely 
behavior of two different materials: provided that, in the 
first case, conditions of the test are known and the prob- 
able effect of variables is appreciated; and, in the second 
case, that the two materials being compared were tested 
by identical methods and under identical conditions. 

The coefficient of friction of one plastic material can 
be validly compared with that of another only if the two 
materials have been tested by the same method and un- 
der the same conditions. In Table 1 such a comparsion 
is made. 

From this table it will be seen that, with some plastics, 
the coefficient of friction varies according to whether the 
plastic is the static member or the sliding member—a 
point of some significance in the design of engineering 
components in plastics. This point is elaborated with 
particular reference to polyethylene in Tables 2 and 3. 
The figures quoted were obtained with an apparatus con- 
sisting of an inclined plane of variable angle down which 
a small cylinder of the material under examination was 
able to slide freely. 

Several other factors can affect the recorded coefficient 
of friction of a plastic material under test. This is shown 
in Tables 4, 5 and 6 for nylon. 

A further variable affecting the coefficient of friction 
of nylon is moisture content, the effect of which is shown 
in Fig 1. This curve has been based on figures obtained 
for nylon monofilament under a load of 0 to 70 mg. 


I—FRICTIONAL COEFFICIENT OF VARIOUS PLASTIC 
MATERIALS 


Plastic on Plastic on Steel on 
plastic Steel plastic 


Polyethylene......... , 0.25 0.25 0.3 
Polyvinylchloride. . Wane 45 0.35-0.4 0.4-0.45 
es a gama dau 6 0.5 0.45-0.5 
Polystyrene eet r 5 0.4-0.5 0.4-0.4 
Nylon. . een 0.25 0.3 
Polytetrafluoroethylene. on 4 0.04 0.1 
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II—FRICTION COEFFICIENT OF POLYETHYLENE (POLYETHYLENE AS SLIDING MEMBER) 


Static member 


Polymethyl- 
methacrylate 
(as cast) 


Polyethylene 
(as molded) 


Surface finish of sliding member 
(polyethylene) | 
| 


0.64 
0.57 


Polished 
Machine-finished or abraded 


Polyvinyl- 
chloride 
(as molded) 


Tin foil 
(as rolled) 


Aluminum 
(as rolled) 


0 


38 


IliI—FRICTION COEFFICIENT OF POLYETHYLENE (POLYETHYLENE AS STATIC MEMBER) 


Composition of sliding member 


Surface finish of sliding | Polyethylene Polymethyl- PVC 


member methacrylate 


Polished 
Machine-finished 
Etched... . 


Although the values measured should not be compared 
with those given in Tables 5 and 6 (because of the dif- 
ferent test methods used) the shape of the curve may be 
accepted as typical. 

While, with most plastics, frictional properties may be 
a contributory factor leading to the choice of a given 
material for a light engineering application, with one 
plastic polyoetrafluoroethylene PTFE those properties 
have often been a major factor leading to its use. This 
is because PTFE has an exceptionally low coefficient of 
friction—so low, in fact, that it cannot be improved by 
loading the material with standard dry lubricants such as 
graphite or molybdenum disulphide. Like that of all 
plastics, however, the coefficient of friction of PTFE is 
affected by a number of factors. Table 1 shows that two 
investigators have found it to vary with the rate of sliding. 
It has also been reported that this increase is irreversible 
and that the coefficient of friction observed at a high slid- 
ing speed will subsequently apply to the same sample for 
all lower speeds. 

The effect of high temperatures on PTFE’s coefficient 
of friction is shown in Table 7. At all temperatures this 
coefficient, for PTFE on PTFE and for PTFE on steel, 
are substantially the same. This is thought to be because 
of a monomolecular layer of PTFE rapidly deposited on 
the surface of the steel over which it moves, thus bringing 
the frictional resistance down to that of PTFE on PTFE. 

Perhaps the most important way of utilizing the low 
coefficient of friction of PTFE has been in the manu- 
facture of PTFE-impregnated metal for bushes, bearings 
and other engineering applications. Measurements over 
the temperature range 15 to 250 C (59 to 482 F) have 
shown the coefficient of friction of PTFE-impregnated 
copper to be 0.5. That of copper itself over the same tem- 
perature range is about 1.0—that is, 20 times as great. 
REFERENCE: 

“The Frictional Properties of Thermoplastics,” 
Plastics, Mar ’61, p 117. 
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Steel 


Brass Duralumin lead 


IV—COEFFICIENT OF FRICTION OF DIFFERENT TYPES OF 
NYLON: ALL SURFACES MACHINE-FINISHED 
| 
Mild steel 
on nylon 


Nylon 
on mild steel | 


Nylon 
on nylon 


Nylon 





0.33 
0.09-0.3 
0.16-0.6 


0.41-0.43 
0.34 
0.67 


0.46 
0.14-0.31 
0.80 
0.11-0.33 


66: unplasticized.......... 
610: unplasticized... . 

66/610 copolymer: plasticized. 
66 filled with 15% graphite 


4 
1 


V—EFFECT OF TEMPERATURE ON COEFFICIENT OF FRICTION 
OF NYLON 66 


Steel on 
machined nylon 


Machined nylon 
on steel 


Machined nylon 
on machined nylon 


Temperature, 


°C F 


20 68 
60 140 
100 212 
120 248 
140 284 
160 320 
180 356 


0.33 
0.36 
0.37 
0.45 


43 
43 
54 
54 
53 
57 
60 


0.46 
0.45 
0.46 
0.46 


VI—EFFECT OF SURFACE FINISH ON COEFFICIENT OF 
FRICTION OF NYLON 66 


Coefficient of friction 


Mild steel 
on nylon 


Nylon on 
mild steel 


Nylon on 
nylon 


Surface finish of nylon 


As molded (mold at 30 C 86 F) 
As molded (mold at 110 C 230 F) 
Machine-finished 


0.42 
0.41 
0.41 


0.3) 
0.31 
0.33 


0.70 
0.63 
0.46 


Vil-—EFFECT OF ELEVATED TEMPERATURES ON COEFFICIENT 
OF FRICTION OF PTFE 


Ptfe on 


steel 


Mild steel 
on ptfe 


Temperature Ptfe on 


; 


0.04 
0.04 
0.04 
0.04 
0.04 
0.04 


68 
122 


09 
09 
10 
10 
1 
14 


320 
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EPOXY MOLDING COMPOUNDS... 
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AT A GLANCE 

Epoxy molding compounds: 

@ closely approximate phenolics in 
molding techniques 

@ are inert in comparison to other 
plastics 

@ no byproducts are involved or 
given off 

@ can be molded at low pres- 
sures... 

. . . And offer the design engi- 

neer: 

@ low die costs 

@ molding around tiny pin holes, 
ceramic walls, wiring, etc. 

@ lasting electrical and mechanical 
properties 

@ encapsulation by conventional 
molding techniques 

@ a material with lasting dimen- 
sional stability 











... rival for phenolics? 


As an all-around material, epoxy molding compounds are 


compared with melamine-asbestos, general-purpose alkyd, 


diallyl phthalate, phenolic and silicone molding compounds. 


EE poxy molding compounds are the 
latest addition to the conventional 
thermoset molding field. On an in- 
dividual-property basis there are other 
molding compounds which may have 
equal or better properties, but from 
an allround standpoint, epoxy mold- 
ing compounds should be considered 
an smportant addition to the industry. 


What they offer 


An explanation of what epoxy 
molding compounds offer is necessary 
to their finding their proper place in 
the field. Some of the outstanding 
characteristics of epoxies and the rea- 
sons for their properties are listed 
below: 


Inherent dimensional stability 

1.Cure involves a complete addi- 
tion-type chemical reaction; no 
byproducts are given off and no 
volatiles are involved. 


2. Adhesion to reinforcing filler of 
epoxy resins results in wedding 
the resin and filler-reinforcement 
into an optimum integral mass. 


Maximum retention of electrical 
properties 


1.Cure involves an addition reac- 


tion with no byproducts released, 
such as ammonia or water, as in 
some other molding compounds. 
. Adhesion of epoxy resin to filler/ 
reinforcement precludes moisture 
absorption by the normal capil- 
lary effect. 

.Ether linkage formed in cross- 
linking during cure is notably 
stable to chemical action. As a 
result, products of degradation 
are held to a minimum which 
maintain electrical properties un- 
der the effect of high heat and/ 
or humidity. 


Maximum retention of mechan- 
ical properties 

Excellent adhesion of epoxy 

resin to filler/reinforcement un- 

der adverse conditions of heat 

and moisture. 


e Chemical resistance 
Resistance of ether linkage to 
chemical attack, particularly hot 
caustic solutions, is unique for 
thermosetting materials. 


Molding characteristics 

The effect of draw in the part to be 
molded is not nearly as critical as with 
other thermosetting materials owing 
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COMPARING EPOXY WITH OTHER MOLDING COMPOUNDS* 





General- 
Purpose 
Mineral 
Epoxy 


Property Units 


Asbestos 
Melamine 


General- 
Purpose 
Alkyd-2 


General- 
Purpose 
Alkyd-1 


General- 
Purpose 
Diallyl 
Phthalate 


General- 
Purpose 
Phenolic 


General- 
Purpose 
Silicone 





Flexural Strength, psi 11,500 
Flex. Mod. of Elast., psi 2.2x 108 
Flex. Work to Break, ft-lb 0.144 
Maximum defiection, mils 57 
Izod Impact Strength ft-lb / 0.35 

Inch 
Heat Distortion Pt., °C 110 


7,500 
18x 
0.073 
45 
0.31 


130 


7,000 6,000 

10¢ 2.1 x 108 1.9 x 10° 
0.062 0.049 
35 35 


0.32 0.35 


165 165 


7,500 
1.2x 10° 
0.12 

70 

0.29 


8, 500 
2.0 x 108 
0.16 

65 

0.35 


150 


6,500 
1.0x 108 
0.11 

70 

0.32 


250 





Measured at 23C 





Volume Resistivity— 
megohm-cm 
Power Factor @ 60 cps 
Power Factor @ | ke 
Power Factor @ 1 mc 
Dielectric Constant @ 60 cps 
Dielectric Constant @ 1 kc 
Dielectric Constant @ 1 mc 





Measured at 100 C 





Volume Resistivity, 
megohn-cm 
Power Factor @ 60 cps 


Power Factor @ 1 kc 
Power Factor @ | mc 


Dielectric Constant @ 60 cps 


Dielectric Constant @ 1 ke 
Dielectric Constant @ 1 mc 


6 x 10° 


TOO 


HIGH 


TO MEASURE 


0.234 
0.047 


TOO 


HIGH 


TO MEASURE 


9.4 
6.3 





Measured at 200 C 





Volume Resistivity, 
megohn-cm 
Power Factor @ 60 cps 


Power Factor @ 1 kc 
Power Factor @ | mc 


Dielectric Constant @ 60 cps 
Dielectric Constant @ 1 kc 
Dielectric Constant @ 1 mc 
Are Resistance Secs. (1) 


3x10 


TOO 


TO MEASURE 


0.384 
0.043 


TOO 


TO MEASURE 


3.7 

3x 104 

TOO HIGH 
TO MEASURE 
0.158 

0.044 


6x10 

TOO HIGH 
TO MEASURE 
0.286 

0.035 


HIGH 


TOO HIGH 
TO MEASURE 


HIGH 13.4 


9.2 
7.1 


9x 104 
TOO HIGH 
TO MEASURE 
0.248 

0.176 


13.0 
8.9 


9.2 
140 


9x10? 

TOO HIGH 
TO MEASURE 
0.66 

0.198 


TOO HIGH 
TO MEASURE 
66.8 

6.4 

80 








(1) The are resistance was measured at 23C. 


* Data compiled by Fiberite Corp., Winona, Minn. ; 


to the long flow and sharp gelation 
characteristics during the fill. 

Unique melt viscosity coupled with 
a sharp gelation allows epoxy molding 
materials to be formulated for excep- 
tionally long flow into thin sections 
and around delicate inserts. 

Transfer-molding pressures may be 
as low as 50 psi because of the low 
initial melt viscosity during flow of 





all comparisons are for equal grades of impact 
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the epoxy molding materials. Molds 
designed for easy-flow, general-purpose 
phenolics are a good starting point 
for evaluation of molding character- 
istics. However, parts are somewhat 
flexible when still hot in mold. 

Transfer-runners in mold should be 
kept small for medium- and low-im- 
pact epoxy materials to build up back- 
pressure. 


Rate of flow or fill, especially in 
transfer molding, should be slow to 
prevent air entrapment (formation of 
bubbles), to maintain a smooth fil! 
of the mold cavity and to achieve 
optimum molded density. 
REFERENCE 
“New Epoxy Molding Compounds,” by 
Paul E. Fina, The Fiberite Corp. Pub- 
lished in SPE Journal, July 60, p 722. 
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for steel finishes, these 


LOW -FIRING PORCELAIN ENAMELS 


Loow-firing porcelain enamels offer 
twin promises to the design engineer 
concerned with steel finish—less manu- 
factured cost and greater variety of 
product finish. The manufacturing 
benefits from using these enamels are 
lower furnace, fuel, maintenance and 
tooling costs. 

An expanded product line will be 
the result of an invasion by these 
low-temperature porcelains of territory 
formerly occupied exclusively by or- 
ganic finishes. Many products can 
now be covered with attractive, dur- 
able, low-temperature _ porcelain-en- 
amel products that were formerly not 
suitable because conventional frits 
don’t cover corners and sharp angles 
and because of the inevitable distor- 
tion of the high-temperature process. 
Distortion problems are _ practically 
nonexistent with the low-temperature 
frits—the unfired enamels—and corn- 
ers and sharp angles get excellent 
coverage as well. 


1000 to 1100-F enamels 


“Low-temperature porcelain enam- 
els” is a catch-all phrase. It means 
anything that fires lower than the 
conventional porcelain enamels. Ac- 
tually, there are two major classes of 
low-temperature frits for steel in use 
today—those firing from 1250 to 1350 
I’, and those that fire at 1000 to 1100 
I’. These latter frits are called the 
extralow-temperature enamels. Ther- 
mal coefficients of expansion for these 
enamels are within 10° of steel. 


How 1000-F frits cut costs 


Low-cost furnace construction and 
maintenance will undoubtedly vield 
the greatest savings from the use of 
these extralow-temperature frits. Low- 
temperature firing requires forced 
convection heating for highest pro- 
duction rates. Although more com- 
plicated than conventional furnaces, 
their enormous difference in firing 
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temperatures—400 to 500 F—so re- 
duces the design criteria that the ini- 
tial cost of a furnace can be several 
times lower than a conventional fur- 
nace. Furnace wear at 1000 to 1100 
I’ will also obviously be much lower, 
so maintenance costs are reduced. At 
1000 to 1100 F, lower cost furnace 
hardware can be used—and it will 
stand up longer too. Of course, fuel 
costs at the lower temperatures will 
be lower. It is possible in some cases 
to save by using lighter gage steel, 
where high strength or rigidity is not 
essential, because the extralow-tem- 
perature frits can be fired on extremely 
thin stock without danger of warping. 
In fact, sheets which are too thin to 
be satisfactorily coated with conven- 
tional enamels can be porcelain-en- 
ameled with the low-temperature frits. 

These extralow-temperature _ frits 
have no preference for enameling 
grade steels. Cold-roiled steel will 
do just as well. So a saving is ob- 
tained here as well. An additional ad- 
vantage is that if other kinds of fin- 
ishing are being carried on in the 
same plant, only one kind of steel 
need be purchased, cutting down in- 
ventory problems. 


How 1000-F frits expand product 
lines 


Appliance cabinets (stoves, wash- 
ing machines, etc.) and the burgeon- 
ing new use of metal curtain wall in 
architecture are today’s big markets 
for porcelain enamel. But a host of 
other finishing applications—applica- 
tions formerly in the realm of organic 
and plating finishes—could make use 
of attractive and durable finishes pos- 
sible only with porcelain enamel. 
These are products which, because of 
complicated design, or light-gage 
metal, would hopelessly distort at the 
high temperatures required for the 
conventional process. But with the 
low-temperature process, this is no 
longer true. 


With the new low-temperature 
frits, almost no limitations exist on 
the shapes, forms and gages that can 
be porcelain-enameled. There are 
three reasons for this: 

e Firing temperatures are well be- 
low the transformation temperature 
of steel—the point at which the steel 
transforms from ferrite to austenite, 
accompanied by a large dimension 
change. 

e At 1000 to 1100 F, steel has a 
much higher tensile strength than 
at the higher temperatures required 
for conventional porcelain enameling. 
This means there is very little tend- 
ency for the steel to sag during firing. 

e Thinner coats of the low-tem- 
perature frits are possible—2 to 5 mils 
compared to 5 to 12 mils. Thinner 
coats result in lower stresses during 
firing. 

These three factors combine to re- 
duce distortion so that only one side 
of a product need be coated. Many 
articles which can be coated only on 
one side, such as hollow items like 
sash and window frames, can now 
have the benefits of porcelain enamel. 
In addition, these 1000-F frits, un- 
like conventional frits, give excellent 
coverage on sharp corners and radii. 
In short, no special enameling design 
features need be considered in the 
design of the product. 


What are 1000-F finishes like? 


Extralow-temperature finishes are 
porcelain enamel, and share the well- 
known properties of this type finish 
with the conventional  frits—high 
chemical hardness, abra- 
sion- and scratch-resistance and the 
like. There are, however, differences 
in degree. Because the low-tempera- 
ture enamels do not “lie down” as 
well as the conventional enamels, the 
surface texture will not be as smooth. 
To the eye, in fact, the low-tempera- 
ture finishes look a lot like organic 


resistance, 
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Firing Temperature 
Warpage 
Coverage 


Adherence 


Surface Finish 


Gloss 


Acid Resistance 


Abrasion Resistance 
enamels. 





EXTRALOW-TEMPERATURE PORCELAIN ENAMELS 
1000 to 1100 F 
Almost no limitations on complicated shapes that can be coated 
Excellent coverage on sharp edges and radii 


Because of thin coatings and high adherence, enameled sheets may be bent 
without chipping 


Similar to organic finishes 
Better control of gloss than with conventional porcelain enamels 
Reflectance 76% in white 
A to AA rating—Porcelain Enamel Institute citric acid test 


Harder than aluminum porcelain enamels, not so hard as conventional porcelain 








finishes. A full range of gloss values, 
from matte to high gloss, is obtain- 
able by changes in the milling for- 
mula. Opacity is obtained primarily 
mill additions. While a good 
with about 76% reflectance 

achieved, the high-capacity 


from 
white 
can be 
levels of the conventional porcelain 
enamels cannot be matched at pres- 
ent. Future research, it is hoped, will 
change this. 

Chemical resistance of the extra- 
low-temperature coatings is excellent. 
Surprisingly, 1000-F finishes 
rate much higher on the average than 
the 1300-F enamels. A PEI (Porcelain 
Enamel Institute) citric acid spot- 
test rating of “A” to “AA” is obtained 
in white and most colors. Certain 
strong colors, particularly the cad- 
mium-selenium reds and oranges, have 
lower resistance however. 


these 


ratings, 
Weather resistance can be expected 
to be satisfactory because of the high 
acid resistance. Data is limited be- 
cause of the newness of the frits but, 
in installations so far, no deterioration 
has been observed after several vears’ 
exposure to the weather. 


How are 1000-F porcelains 
processed? 


Extralow-temperature enamels are 
processed just like conventional enam 
els except that greater care must be 
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taken in the cleanliness of the steel 
and more careful control of firing 
temperatures must be maintained. 
Shortcuts, particularly in the cleaning 
operations, are to be avoided. Even 
greater care must be applied when 
nonpremium The 
recommended metal preparation is: 

1. Cleaner-bath—boiling for 20 
minutes in proprietary bath (Oakite 
or Wyandotte, or equivalent) 

2. Water rinse—room temperature 

3. Acid bath—6 to 8% sulfuric 
icid, 150F/10 minutes 

4. Nickel dip—0.06 to 0.08 gm/sq 


steels are used. 


rt 

5. Water rinse—room temperature 

6. Neutralize—4 to +3 normal 
strength is recommended (dilute neu- 
tralizer should be used to minimize 
blisters and similar defects caused by 
residual salt on the steel surface.) 

7. Dry. 

Application. Spraying is the rec- 
ommended method of application. 
Owing to the extremely low firing 
temperatures of these frits, the use 
of clay and electrolyte formulations 
in the slip are detrimental. The re- 
sult is that the base-coat and finish- 
coat slips have good suspension, but 
poor set. They work well for spray- 
gun applications, but only to a lim- 
ited extent for dip applications. 

Firing. Firing of the 1000-F por- 


celain enamels must be conducted in 
furnaces with a uniform heat distri 
bution and accurate temperature con- 
trol. Temperature control is difficult 
for conventional furnaces at low tem 
peratures although, with care, suc 
cessful firing can be accomplished. 
Properly, however, a furnace designed 
for 1000 to 1100-F use—a 

convection furnace—should be 
frits. With a 


vection furnace, heat 


forced 
used 
forced con 
is eff- 
cient and high production rates can 
be maintained. 
Shelf life of frits. 
be ground very finely to mature evenly 
at the low firing temperatures. This 
is, no doubt, the reason for the com 
paratively short shelf life of the frits. 
The base work well after as 
much as three weeks of aging at room 


with these 


transfer 


These frits must 


coats 


temperature, but cover coats should 
be used within one week. Overgrind- 
the shelf 
life can be considerably shortened. 
Troubles from aging are tearing, 
crawling, and rough, gassy texture. 


ing must be avoided as 


REFERENCE: 

“Low firing Porcelain Enamels for Steel.” 
Supplement to “Lead in the Ceramic In 
dustries,” Sect 5, 9, Enamels. Published by 
Lead Industries Assn, 292 Madison Ave 
NY 17. 
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REFERENCE 


“‘Nomograph for Cost per Piece of Plastic Parts,” published by 
Plastics Technical Service of Dow Chemical Co. 
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From 


Company publication 


NONMETALLIC MATERIALS AND FINISHES i. 3 


FINISHES FOR ALUMINUM 


Here are 19 types—applied coatings, electrochemical, mechani- 
cal and chemical finishes—with the surface preparation 


needed, method of production and applications for each. 








FASTENING FINISHED ALUMINUM 


When joining aluminum members, 
it is recommended that aluminum 
fasteners be specified to eliminate 
the possibility of galvanic attack 
caused by dissimilar metal contact. 
Such factors as availability and cost 
influence the choice of material, so 
some other metal may sometimes 
be employed. Where necessary, 
cadmium-plated steel-fasteners are 
the alternate choice. Galvanized 
fasteners can also be used. Where 
humidity and corrosive fumes are 
not a factor and staining and a 
slight amount of corrosion cre not 
objectionable, bare steel fasteners 
can be used if they 
from the aluminum 
aluminum or fiber 
coated with chemical films such as 
phosphate coatings and painted. 


are insulated 
member by 
washers or 
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Color and texture for aluminum 
finish is of prime concern to the de- 
sign engineer. It is important for him 
to be aware of the various finishes 
now available so he can specify the 
most suitable one for his product. 





The color and texture of various 
aluminum finishes result from such 
factors as 

e The natural pleasing appear- 
ance of the metal 

e Good forming properties 

e Good response to etchants 

e Dependable adherence 
paints and enamels 

e Suitability for accepting a 
hard, wear-resistant oxide finish 

e Corrosion resistance of the 
metal 


for 











The chart on the following pages 
is a designer’s guide to aluminum 
finishes. It is limited to operations 
subsequent to fabrication, excluding 
finishes provided through fabricating, 
such as rolled patterned sheet, ex- 
panded mesh, perforating or embos- 
sing. It shows what textures can be 
achieved. It specifies colors only 
where these are limited by a process; 
(otherwise, the only limitation on 
color is the imagination of the de- 
signer). Its function is to outline 
possibilities. 

There are four general classes of 
finishes for aluminum: 


Electrochemical. Alumilite, other an- 
odic methods, electrobright, Alzak, 
and electroplating. Methods are used 
variously to provide color, brightness, 
abrasion- and _ corrosion-resistance, 


electrical conductivity, insulation, and 
hardness to the surface. 

Applied Coatings. Paint, lacquer, 
enamel, porcelain enamel, and metal- 
izing. Used variously to achieve econ- 
omy, unusual color, color durability, 
abrasion resistance, electrical resist- 
ance or conductivity. 

Mechanical. Grinding, oiling, polish- 
ing, buffing, coloring, satin finish, 
sand and vapor blasting, hammering, 
and peening. Most frequently applied 
to cast or forged products to provide 
intermediate finishing or special deco- 
rative effects or to remove surface 
imperfections. 

Chemical. Bright dip, frosted or 
matte, Alrok, Bonderite, Alodine, 
Iridite, Lyfanite, and immersion plat- 
ing. Relatively inexpensive group of 
finishes used variously as base for 
organic coatings, or as substitute for 
certain mechanical and electrochemi- 
cal finishes. 


The final choice of type of finish 
to be used is a function of perform- 
ance requirements and cost, a decision 
generally made by the production 
engineer. The accompanying table 
helps show what the design engineer 
can expect to achieve if certain meth- 
ods are used, what techniques could 
be suggested to attain appearance- 
performance standards sought by the 
designer, and what alternatives there 
may be when a given finishing method 
cannot be used. 


REFERENCE: 

“Finishes for the Designer,” published in 
Aluminum Company of America Design 
Forecast No 2, p 67 


continued, next page 
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NONMETALLIC MATERIALS AND FINISHES 


ELECTROMECHANICAL AND APPLIED FINISHES FOR ALUMINUM AND ALUMINUM ALLOYS 





ELECTRO-CHEMICAL FINISHES 


Type of Finish 


Alumilite' and other 


anodic finishes 


Electrobright (EB) 


Electroplated 


Surface Preparation 


Depends upon final appearance desired, as 
anodic coatings reproduce texture of surface 
from which they are formed. 


Smoothest fine! surface requires buffing. 
Textures from smooth bright to rough matte 
are reproducible by anodic coatings. 


Usually buffed if smoothest, brightest final 
Electrobright- 
ening removes metal from the surface and 


anodized surface is required. 


will brighten or smooth all types of surface 
textures. Sometimes used to remove burrs 


from sharp edges. 


Buffing or bright rolling for specular surfaces. 
Etching in caustic soda mixture (R2) to produce 
ao matte surface for diffuse surfaces 


Over any type of mechanical surface pre- 
If smooth electroplated finish is 
required, polishing or buffing s required as 


treatment. 


surface pretreatment. Zinc immersion process 
followed by Rochelle Copper Strike for best 
adhesion. 


How Produced 


Most commonly in dilute sulfuric acid electro- 
lyte. Other common 
chromic, oxalic and boric. 


electrolytes include 


Anodic coatings are classified as conversion 
coatings, i.e., the electrochemical reaction 
converts aluminum surface into essentially 


aluminum oxide— integral with surface. 


Anodic treatment in electrolyte (generally 
containing high percentage of phosphoric 
acid) to remove metal from surface. 


Electrobrightening n flvoboric acid electro- 
lyte followed by anodizing in sulfuric acid 
electrolyte (Alumilite) for protection. 


Metallic coatings such as copper, silver, zinc, 
cadmium, brass, nickel, chrome, or any other 
plateable metal deposited by conventional 


procedures. 


Application and Use 


SULFURIC ACID TYPE is used for plain or 
colored coatings. 
of coatings possible for decorative, functions 


Gives greatest variety 
or combination. 


CHROMIC ACID ANODIC is used almost 
exclusively for resistance to corrosion and 
as a base for paint, lacquer and enamel. 
Attractive, opaque, colored coatings for 
decorative applications are available. 


OXALIC ACID ANODIC is generally used 
Coot- 
More expensive 


for the same applications as sulfuric. 
ings have a yellowish tint. 
than sulfuric acid anodic coatings. 


BORIC ACID ANODIC is used to produce 
films for certain electrical characteristics. 


To remove contaminated surface layer of 
metal so that smoothest, brightest, anodic 
To brighten patterned 
or intricately designed surfaces. Used mostly 


coating is obtained. 


in conjunction with Alumilite coatings for con- 
sumer products and specialty items. 


A finishing system specified for specular and 
diffuse aluminum reflectors with durable, 
highly reflective surfaces. 


Bright chrome, copper, brass or bronze for 
Hord chrome for resistance to 
conductivity. 


appecrance. 


wear. Silver for electrical 
Cadmium or zinc for frictional requirements. 


Copper, tin or lead for solderability. 





APPLIED COATINGS: ORGANIC, CERAMIC, AND METALLIC 


Paint, lacquer 


or enamel 


Porcelain enamel 


Metallizing 


Clean to remove oil, grease, etc., followed 
by phosphoric acid type cleaner. If expo- 
sure conditions are more severe, then Alrok ?, 
Alodine*, Bonderite‘, Iridite® or Lyfanite® 
is used to prepare surface. Zinc chromate 
primer recommended for some severe expo- 
sures. Wash coat primers recommended for 
some applications instead of phosphoric acid 
cleaning. Anodic coatings also good surface 


preparation. 


Clean to remove oil and grease followed by 
surface conditioning in du Pont or Alcoa 
R100 chrome treatment. 


Clean to remove grease, oil, etc., and then 
grit blast. 


Application by conventional techniques such 
as brushing, spraying, dipping and roller 
coating. 


temperature frits fired in 
temperature range 950°-1000°F. 
thickness from .0025" to .00” for exposed 
surfaces in architectural applications. 


Special low 
Coating 


Conventional metal spray equipment using 
wire or powder for metallic coatings. Non- 
metallic coatings using powder. 





On all types of products (1) to match finish 
on other products; (2) low-cost finish appli- 
cation (3) to obtain special effects (natural 
metal with transparent coating); (4) to obtain 
colors not available with other types of 
surface treatments. Especially popular on 
building products. Specialty type finishes 
used for appliances, business machinery, 
office and laboratory equipment. 


Applications requiring color in combination 
with excellent durability. Building products 
(wall tile) and architectural applications most 


popular. 


For coatings with high resistance to abrasion 
Coatings with good frictional characteristics. 
Metallic coatings for electrical purposes. 


4 Trade Nome of Parker Rustproof Co 
5 Trade Name of Allied Research Products Inc 
* Trade Name of Neilson Chemical Co 


1 Trade Name of Aluminum Company of America 
® Registered Trademark of Aluminum Company of America 
> Trade Name of Amchem Products Inc 
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NONMETALLIC MATERIALS AND FINISHES 


MECHANICAL AND CHEMICAL FINISHES FOR ALUMINUM AND ALUMINUM ALLOYS 





Type of Finish 


Grinding 


Oiling 
or polishing 


MECHANICAL FINISHES 


Coloring 


Satin finish 


Sand and 
vapor basting 


Hammered 
or peened finish 


Surface Preparation 


Rough grinding is the initial operation ofter 
casting or fabrication. Only previous 
operations are concerned with production 
process, as shakeout after sand casting, for 
example. 


Rough grinding, if required. 


Depends entirely on the product and method 
of production. Usually preceded by an 
oiling or polishing (finish grinding) operation 
on all parts except those, such as die castings. 
having a first class finish 


Previous buffing operation followed by a 
cleaning operation to remove the residual 
buffing compound. A light caustic etch is 
satisfactory for this purpose. 


An initial oiling or polishing treatment may 
be necessary to remove defects that other- 
wise might show through the finely scratched 
lines on the surface. 


Deep serrations and blemishes must be re- 
moved by polishing or buffing. Often ano- 
dized finishes are applied over the blast 
surface, or buffing and grinding are used to 
obtain highlighted effects. 


Usually done on buffed surface. After- 
wards, may be hand rubbed with steel wool 
to get highlights. 


How Produced 


With wheels consisting of 80 to 120 emery 
applied to face-glued sections of muslin, 
canvas, or solid felt wheels. Tallow, mineral 
grease or lard oil should be used as a lubri- 
cant to prevent burning. 


Refinement of grinding operation using finer 
abrasives and softer wheels. Abrasive 
range from 120 to 200 mesh. Wheels are 
usually constructed of soft felt, and speeds of 
about 6,000 fpm are generally satisfactory. 
lubricants required. 


With stitched muslin buffs and Tripoli com- 
pound in a grease binder. Fine grain 
Tripoli and high wheel speeds—7,000 to 
7,500 fpm—gives surface with highest luster. 
Pitting and cloudiness may result from using 
too hard a buff of too much pressure. 


With loose or unsewed muslin buffs operated 
at speeds of 7,500 to 8,000 fpm. Coloring 
compounds ore usually a soft silica and lime 
composition abrasive with a grease base. 


With a fine stainless steel wire wheel, brush- 
backed sander head, tampico brush, grease- 
less satin finishing compounds. 


With silica and a high pressure air blast or 
with a mixture of fine gran abrasives and 
water. Alumina and silicon carbide abra- 
sives used to obtain certain colorations. 


Manually or by shot peening. Special hand 
wrought can be obtained after covering 
surface with soot to obtain wrought iron 
effect. 


Application and Use 


To remove metal from sand and permanent 
mold castings, fins from die castings, or burrs 
or edges from fabricated ports that are 
usually rough. 


Usually is the initial step in polishing, since 
rough grinding is required only in special 
instances. Is being replaced by abrasive 
coated belts operated in conjunction with 
contact wheels. Speeds up to 7,000 fpm 
with suitable lubricants, produce excellent 
results. 


To bring out high luster on the metal ond 
remove surface scratches. Usually necessary 
for any part that is to be electroplated, 
anodized, or finished by other chemical or 
electrochemical processes for appearance. 


To impart a high reflective, lustrous surface 
on such products as appliances or automotive 
trim, giftware, cooking utensils and reflectors 


To obtain a soft, smooth sheen on a surface 
by scratching fine parallel lines with it. 
Widely used for decorative effect on con- 
sumer products or architectural trim. 


To get a uniform matte surface finish on parts 
for home applications or on decorative trim. 
Vapor blasting also used to remove dirt and 
oxide films from a surface. 


To obtain an irregular pattern on the surface 
of a part. Used for giftware. 





Bright dip (C.B.) 


Frosted 
or matte finish 


On buffed or “as-fabricated” surfaces, and 
is particularly effective on embossed or pat- 
terned surfaces that would be difficult to buff 
uniformly and difficult to dean after buffing. 


Cleaning usually first treatment. Acid mix- 
tures used to clean surface of heot-treating 
film, buffing compound or other films prior to 
final finishing or welding. 


Immersion in an acid mixture held at a tem- 
perature of about 180° to 200° F. 





Frosted usually produced by an etch in hot 
caustic soda; smoother etch, in a soda-ash 
and tri-sodium phosphate. Acid may abo 
be used to obtain matte finish. 


For most wrought alloys and some cast alloys 
having a low silicon content. Gives a bright 
finish that is similar to a buffed finish at a 
much lower cost. 


To get uniform matte effect for decoration 
on consumer products, diffusing surface on 
light reflectors, to clean the surface prior to 
anodizing, or to obtain contrasts and design 
in name plates. 








Alrok finishes 


CHEMICAL FINISHES 


Generally over degreased surface or over 
etched surface. After treatment, coatings 
are sealed in dichromate if maximum pro- 
tection is desired; Alrok coatings may also 
be dyed but lack depth of color. 


A series of finishes produced by forming an 
oxide-coat by means of chemical solutions, 
such as a mixture of hot sodium carboncte 
and sodium dichromate. 


As a base coat for organic finishes; gives 
fairly good protection to abrasion and cor- 
rosion. Suitable for small bulk parts where 
higher cost of electrochemical finishes are not 
justified. 





Bonderite, Alodine, 
tridite and Lyfanite 


Over cleaned or etched surfaces. 


immersion, spray, or brush. 








Immersion plating 








Clean free from oll and grease. 


Immersion in solutions which deposit metallic 


fd dhamient 


coating on by isp 


Almost exclusively as base for paint. See 
organic finishes. 


Tin, nickel, copper or brass most popular 
tings of this type. 





ment. 
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NEW PLASTICS AND CERAMICS 


Exothermic potting compounds for 
some applications have been improved 
by the inclusion of aluminum wool 
to gain control of thermal expansion, 
improved machinability and heat 
dissipation. 

A new alkyd compound with a glass 
filler exhibits small change in dielec- 
tric constant and dissipation factor 
over a wide range of temperatures. 
Dimensional uniformity, air resistance 
and dielectric strength are also im- 
proved. 

Chemically modified cellulose Cya- 
nocel is now available in development 
quantities. It has desirable electrical 
properties and can be molded and 
cast into films. A dozen or more other 
new materials are also discussed. 
“New Plastics and Ceramics,” J. H. DuBois, 
Tech-Art Plastics Co, Morristown, NJ, Paper No. 
13.1 published in NEREM Record, Nov 1960, 


Institute of Radio Engineers (Boston section), 
Boston, Mass. 


Glass-ceramics 


These new materials will go into 
such applications as precision gages 
and machine-tool-parts whose dimen- 
sions must not change with tempera- 
ture. 

“Glass-Ceramics,” by S. D. Stookey, Manager, 
Fundamental Chemical Research, Corning Glass 


Works, Corning, NY. Published in Mechanical 
Engineering, October 1960, p 65. 


Corrosion design problems 


Explains importance of communica- 
tions between corrosion engineers and 
design personnel so that possible cor- 
rosion problems can be foreseen and 
minimized during the design stages 
of chemical process equipment. Pre- 
sents four corrosion data sheets as 
suggested means of obtaining informa- 
tion necessary to the corrosion engi- 
neer. Basic data sheet is given plus 
examples for heat transfer equipment, 
pumps and pressure vessels. Also ex- 
plains that data collected for these 
sheets would not be more than is 


114 


usually required for design specifica- 
tions. Emphasizes importance of in- 
volving corrosion personnel during the 
design states of equipment. 

“Corrosion Design Problems in Chemical Process 


Equipment”, Ira C Bechtold, Corrosion, March 
1961, 1061 M & M Building, Houston, Texas. 


a 


Porosity of electrodeposits 


As the cavities encountered in elec- 
trodeposits may belong to quite dif- 
ferent types, a system of classifica- 
tion and symbols is suggested to avoid 
misunderstandings. ‘The system is 
based on distinguishing between pores 
and cracks, on whether they extend 
from the basis metal to the surface 
of the deposit or are bridged, and on 
their size. The transverse and masked 
cavities are further divided into sev- 
eral types. The different causes of 
porosity are reviewed and the faults 
arising are classified. The principal 
methods of assessing porosity are also 
briefly discussed. 

“The Porosity of Electrodeposits, Causes, Clas- 
sification and Assessment’. Artur Kutzelnigg, 
Siemens, Schuckert Werks, A. G., Laboratories 
of the Central Works Department, Erlangen, 


Germany. Plating, April, 1961, 443-445 Broad 
Street, Newark 2, NJ. 


* 


Reinforced plastics 


Some of the characteristics and 
properties of reinforced plastics are 
reviewed and some new observations 
made. Use of hollow glass fiber rein- 
forcements are proposed to reduce 
density and off-round filaments are 
suggested to increase strength in direc- 
tion transverse to fiber axes. 

“New Directions for Structural Reinforced 
Plastics’, Gruntfest and Dow, General Electric 


Co. ARS paper 1579-60. American Rocket So- 
ciety, 500 Fifth Ave, New York 36. 


* 


Cushioning materials 


The increased use of energy-absorb- 
ing materials in modern technology 
has necessitated laboratory study of 
these materials and compilation of 


data for use in system design. The 
paper consists of three parts. The first 
discusses the scaling law for a general 
cushioned system. The second part 
introduces a simpler scaling law which 
applies when the system satisfies cer- 
tain conditions relating to the geom- 
etry of the system and the nature of 
the material. The third section of the 
paper presents data on a variety of 
materials in the higher energy ranges. 
Included are some foamed plastics, 
rubber compounds, metal honey- 
combs, and foamed metals. 

“Data Presentation for Cushioning Materials,” 
by W. G. Soper, R. C. Dove, University of 
Mexico. Presented at the 17th Annual Tech- 


nical Conference, SPE, 65 Prospect St, Stam- 
ford, Conn. 


Threshold values for 
stress corrosion 


This study concludes that stress cor- 
rosion problems cannot be entirely 
eliminated at this time through con- 
trol of specific parameters to estab- 
lished threshold values. Instead such 
approaches as following are proposed: 
use of more resistant materials; de- 
sign changes, reduction of corrosivity 
of environment, reduction of effective 
stress, use of protective layer. Special 
study is given to behavior of AISI 410 
steel. 

“Practicality of Establishing Threshold Values 
to Eliminate Stress Corrosion Failures in Metals 
and Alloys’. Henry Suss, General Electric Co. 


Corrosion, Feb, 1961. 1061 M & M Building, 
Houston 2, Texas. 


_ 


Finishes on laminate systems 


The subject of this paper is the 
investigation of finishes on glass fab- 
ric reinforcement and their effect on 
the properties of heat-resistant phe- 
nolic and epoxy systems, particularly 
laminates that have been postcured 
to high temperature. The findings 
substantiate that the finish is para- 
mount especially in the phenolic sys- 
tem; this was not so pronounced in 
the epoxy laminate systems. Results 
of the physical properties and electri- 
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cal properties are tabulated on the 
post-cured laminates and the most 
important features are pointed out in 
the form of bar graphs. 

“The Effect of Finishes on Heat Resistant 
Phenolic and Modified Epoxy Laminate Sys- 
tems,” by John Miglarese, Westinghouse Elec- 
tric Corporation. Presented at the 17th Annual 
Technical Conference, SPE, 65 Prospect St, 
Stamford, Conn. 


Plastic production equipment 


Reinforced plastics resist chemical 
corrosion. This paper presents de- 
signs which use them in such things 
as tanks and ducts. The author’s com- 
pany developed these as possible na- 
tional standards. 

“Nonmetallics in Production Equipment,” by 
F. J. Staudt, E. |. duPont de Nemours & Co, 


Inc. American Society of Mechanical Engineers 
paper 60-WA-245, 29 W 39 St, New York 18. 


States of polymers 


The different states polymers have 
been determined by the use of 
thermal, mechanical, and electrical 
methods to follow the change of char- 
acteristics as a function of tempera- 
ture. 

Diagrams give the breaking or the 
yield stress of some materials as a 
function of temperature, and also 
their transition temperatures. These 
diagrams, which collect the results of 
experiments, seem to be fundamental 
for the various thermo-mechanical ap- 
plications. 

The possibility of the three states, 
namely, rigid, plasto-elastic, and rub- 
bery, is examined with respect to the 
basic structure of the polymers. As 
polymers are viscoelastic solids, special 
attention has been given to the change 
of characteristics as a function of 
time. 

“The Different States of Polymers Based on 
Their Thermomechanical Properties,” by M. 
Chatain, P. Dubois, Centre d'Etude des Ma- 
tieres Plastiques, 21, rue Pinel, Paris 13°. Pre- 


sented at the 17th Annual Technical Confer- 
ence. SPE, 65 Prospect St, Stamford, Conn. 
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Conversion coatings 


Chemical conversion coatings are 
familiar to most manufacturers who 
use metals that are normally subject 
to corrosion or which must have sur- 
face treatments to aid in deep draw- 
ing or break-in operations. These 
coatings are valuable as a base for 
paints. They also form parting layers 
for cold working and wear resistance. 
When unpainted, they are frequently 
used with oils or waxes for straight 
corrosion resistance, but occasionally 
are deposited simply for their decora- 
tive effects. Phosphate coatings, 
chromate treatments, oxide finishes, 
fluoride complexes, oxalate films and 
anodized surfaces—all are representa- 
tive of industrial surface conversion 
methods which may be selected for use 
on laminates that have been postcured 
on iron, steel, zinc, cadmium, alu- 
minum, magnesium and, in recent 
years, on titanium. This article surveys 
the fundamental principles of surface 
conversion reactions. 

“Chemical Conversion of Metal Surfaces for 
Improved Corrosion Resistance’, Robert F 


Ayres, Dunham Chemical Co. Metal Progress, 
September 1960, Mt. Morris. Ill. 


*x 


Plating aluminum die-castings 


There exists certain fundamental 

principles that must be adhered to if 
a successful product is to be made. 
These are treated in turn. 
“Plating and Anodizing of Aluminum Die-Cast- 
ings,” by Robert Harder, President, Lukens 
Aluminum Co. SDCE Paper No. 11 presented 
at Ist SDCE Congress, Nov 1960, Society of 
Die Casting Engineers Inc, 19382 James Couz- 
ins Highway, Detroit 35, Mich. 


+ 


Injection molding 


The flow properties of thermoplas- 
tics are determined to a large extent 
by the tendency of polymer molecules 
to orient while flowing. This effect 
not only causes plastic viscosity to de- 
crease with increasing shear stress, but 
also leads to “frozen-in” molecular 
orientation when flowing plastic is 
solidified. In turn, frozen orientation 


determines the anisotropic character 
of plastic parts. This is of great prac- 
tical importance in molding and ex- 
trusion, where flowing thermoplastic 
material is caused to freeze into a 
desired shape. This article describes 
how polymer flows through a cooled 
channel. 

“Orientation in Injection Molding,” by R. L. 
Ballman, Monsanto Chemical Co., and H. L. 
Toor, Carnegie Institute of Technology. Modern 


Plastics, October 1960, Emmett St., Bristol, 
Conn. 


Gold plated silver 


Gold plating in thickness of as 
much as 0.2 mil is frequently applied 
over silver plating to protect the latter 
from tarnishing. However many in- 
stances of tarnishing of parts so plated 
have occurred. An accelerated expo- 
sure test was devised that will dupli 
cate the tarnish and a quantitative 
method of evaluating the degree of 
tarnish was developed. Tests of 300 
plated panels showed that gold plat- 
ing 0.2 mil thick over silver is suf- 
ficiently porous to allow tarnishing to 
occur, and that in order to produce 
a reliable non-tarnishing surface, 0.4 
mil of gold is necessary. It is recom- 
mended, therefore, that in applica- 
tions where tarnishing cannot be 
allowed that silver platings be elim- 
inated and gold alone used. 

“The Tarnish Resistance of Gold Plating Over 
Silica,” William B. Harding, The Bendix Corp. 


Plating, October ‘60, American Bldg, 443-445 
Broad St, Newark 2, NJ. 


Cadmium plated springs 


This article is based upon the re- 
sults of research sponsored by the 
U. S. Army Signal Corps, Components 
Department, to determine optimum 
processing and plating procedures to 
minimize hydrogen embrittlement in 
plated steel springs. The data support 
the conclusion that cadmium plating 
does not measurably embrittle spring 
steel and disclose a safe cleaning and 
etching procedure. Harmful preplat- 


continued on page 122 
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“CUSTOMEERED* COMPONENTS BASIC TO INDUSTRY” 


a/ 


OHIO RUBBER |S THE 
GOOD SOURCE 
FOR THE OEM! 


ACROSS THE BOARD in industry, 
ORCO IDEA PARTS offer the de- 
sign engineer product quality evolved 
from Ohio Rubber’s years of expe- 
rience in supplying ““Customeered”’* 
components for outstanding original 


equipmeni manufacturers nationwide. 


ORCO CUSTOMEERING* is geared to 
cut production costs—to deliver a 
better part. And it goes to work for 
you as soon as performance require- 
ments are checked, a materials recipe 
is formulated, expense-shaving design 
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ORCO IDEA PARTS 
shape up OEM designs-—profitably! 


modifications, if necessary, suggested. 
The full scope of ORCO integrated 
design, research and practical in- 
genuity in custom-manufacture of 
rubber, synthetic rubber, silicone 
rubber, polyurethane, and flexible 
vinyl components is focused on your 
component. 

ORCO CAPACITY offers the facilities 
of four modern plants. These include 
design, building, and maintenance of 
precision molds and dies . . . perma- 


nent bonding-to-metal . . . compres- 
sion and transfer molding .. . 
extruding of all shapes, sizes, and 
types . . . complete laboratory facili- 
ties . . . statistical quality control... 
coordinated production control. 
SUGGESTION — send 

for ORCO Bulletin 715 

for the complete 
money-saving story of 
“Customeering”’. It’s 

yours for the asking! | 

*Trademark of The Ohio Rubber Compan 


THE Oxn1o RUBBER COMPANY 


General otticee WWILLOUGHB re QH1O « wiiitenaii 2-0500 . 


A DIVISION OF THE EAGLE PICHER COMPANY 
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Allied Chemical — 





PLASKON ALKYD AND ALKYD MOLDING COMPOU 


Granular Type 


Jt 9 
by ogy, 





Granular materials are designed 
for high-speed, fully automatic 
or semi-automatic molding 
operations. They include glass 
and mineral-filled grades. Con- 
tacts may be molded in or in- 
serted in a separate procedure. 


PROPERTIES 

Provide high arc and insulation 
resistance and dielectric values 
which are maintained at ele- 
vated temperatures and after 
exposure to heat and humidity. 
Molded parts have unusually 
high dimensional stability (min- 
imum after-shrinkage). This, 
plus the fact they are generally 
adaptable to rapid production 
cycles, permits endless repro- 
duction of precision parts. 


There are PLASKON Alkyd gran- 
ular types that conform to the 
MIL-M-14F specification, Type 
MAG and, the poly diallyl 
phthalate type, MDG. 


APPLICATIONS 

Tube bases and sockets, con- 
nectors, tuning devices, trans- 
former parts, potentiometer 
parts, motor controller parts, 
auto ignition parts, switch and 
relay parts. 


For encapsulation of small elec- 
tronic parts where delicate in- 
serts are to be sealed within 


dissipates 
heat faster) producing less 
change in dielectric perform- 
ance before and after encapsu- 
lation. Conform to the MIL-M- 
14F specification, Type MAG. 
APPLICATIONS 
Resistors, capacitors, coils, 
transformers, small electronic 
devices. 








PLASKON HALON* 
RESINS TYPES VK & TVS 


PLASKON MELAMINE 


PLASKON NYLON-6 


PLASKON UREA 





ing. on Polyesters for 
matched-metal molding offer 
better mold release, higher 
gloss and less crazing than 
general-purpose resins. 
APPLICATIONS 

Boats, housings, translucent 
panels, furniture, 


packaging 
aircraft components. 


Fluorohalocarbon plastics for 
difficult design problems. Easily 
extruded, compression and in- 
jection molded. Structure re- 
tards crystallization during 
slow cooling cycles after ex- 
posure to high temperatures— 
tending to maintain toughness, 
flexibility and clarity. 
PROPERTIES 

Built-in flexibility, radiation re- 
sistance and excellent moid- 
ability. Virtually unaffected by 
inorganic acids, alkalies or 


cellent optical qualities. Trans- 
perent up to Ye-inch cross 
section. Resistant to heat and 
cold- Type VK serviceable up 
to 350°F., TVS to 390°F. Thin 
sections can be flexed at 


electric constant and good 
power factor at high tempera- 


New types of molding and ex- 
trusion compounds different 
from previously available do- 
mestic nylon. A polymer of 
caprolactam. 


PROPERTIES 

Unusual toughness, abrasion 
resistance, self-lubrication, 
high heat-distortion tempera- 
ture, high strength-to-weight 
ratio and good chemical resist- 
ance. Less shrinkage and supe- 
rior dimensional contro! than 
other nylon types. Broader 
melting range—can be molded 
at lower temperatures and 
pressures. Superior impact 
strength, better moldability in 
thick sections, easier pigmen- 
tation. 


APPLICATIONS 

Precision parts such as gears, 
cams and bearings. Smali tub- 
ing, shapes, small and large 
rod, film, laminates, wire and 
rope covering. Parts requiring 
stability against oxidative em- 
brittlement at high tempera- 
tures. Fish line, heel lifts, pipe 
fittings, pipe, blown bottles. 


A molding compound that 
comes in an extremely wide 
range of colors — pure white, 
pastels and brilliant hues. A 
special housing type has been 
developed for large parts fab- 
rication. 


PROPERTIES 

Tasteless, odorless and inert. 
Resistant to grease, oil, sol- 
vents, heat, chipping and 
cracking. High dielectric 
strength and arc resistance. 
Excellent dimensional stability. 


APPLICATIONS 

Closures, wiring devices, stove 
and cabinet hardware, toilet 
seats, lighting fixtures, radio, 
appliance and other housings, 
cosmetic and jewelry contain- 
ers, buttons. 


*Trade Mark 


BASIC TO AMERICA’S PROGRESS 
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PLASKON FIRE- 
RESISTANT UREA 
UFR-28 





A molding compound with low 
flame-spread rating, supplied in 
unpigmented natural color anj 
a range of tint shades. 
PROPERTIES 

Self-supporting rigidity. UL 
flame-spread rating of 25 to 
75. Meets fire-resistance re- 
quirements of municipal, state 
and national building codes. 


APPLICATIONS 
Lighting and appliances. ideal 
for luminescent ceilings. 


and large-volume special 
opaque colors. 

PROPERTIES 

Tasteless and odorless. Highly 
resistant to electrical tracking, 
excellent arc resistance and in- 
sulation properties. Hard; 
lightfast; inert to chemical and 
pharmaceutical reagents. Often 
performs as well as cellulose- 
filled urea, differing mainly in 
opacity and color quality. 
APPLICATIONS 

Wiring devices, switch plates, 
closures, household circuit 
breakers and light industria! 
switch gear. 


Plaskon® plastics and resins are backed by the technical proficiency of Allied Chemical’s applications and technical service 
laboratories, They are manufactured under the strictest quality controls, Write us for more information on any of these hard- 
working materials, or for help with design, fabrication or materials selection problems. 40 Rector Street, New York 6, N. 








NONMETALLIC MATERIALS AND FINISHES Pao 7 


Just published... 


NEW BROCHURE 


shows how Glass can be engineered to solve specific design problems 


Twenty colorful pages describe the Kopp Glass engi- 

neering service; showing how the properties of glass Send this coupon for your FREE copy » 
ure controlled and combined to provide designers 

and manufacturers with specialized. custom-pro- 

duced products that meet specific application re- Kopp Glass, Inc. 

quirements. This includes analyzing the application, Suteovete, Fa. 

developing the formula, designing the mold and 
establishing manufacturing procedures. 

A few examples shown include street and highway name 
traffic control lenses; aviation, marine and railroad 
signaling lenses; dental and surgical lighting filters; 
street and interior lighting glassware; floodlight ADDRESS, 
cover glasses; industrial globes and indicator lenses; 
theatrical and exterior lighting color filters. 


Please send copy of “This Is Kopp Glase” 


COMPANY 


asa aaeeaenaseececend 


ps Yo} o} om CJ F-¥_t_Seeae uaeicienelll 


; MOLDED INDUSTRIAL AND 
Swissvale, Pennsylvania SIGNAL GLASSWARE 
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Morganite Self-Lubricating DESIGN ABSTRACTS continued 
Fine Carbon Graphites... ing treatments are described along 


with an effective baking procedure to 
relieve embrittlement. The slight sen- 
sitivity of spring steel to delayed frac- 
ture and fatigue failure, and the ef- 
ficacy of several test methods for 


Vales R cL wee hydrogen embrittlement are estab 


“Hydrogen Embrittlement of Cadmium Plated 


Springs Steel,” J. A. Gurklis, L. D. McGraw and 
q t C. L. Faust, Battelle Memorial Institute. Plating, 
October ‘60, American Bldg, 443-445 Broad St, 


Newark 2, NJ. 


THE RIGHT COMBINATION 
OF DESIGN ADVANTAGES 
FOR A WIDE, RANGE OF Creep of polyethylene 
MILITARY /INDUSTRIAL ‘ Extension-time curves are presented 
APPLICATIONS which show the creep characteristics 
of compression-molded polyethylene 
compounds at various stresses ranging 
from 50 to 800 psi for continuous 
loading periods of 95,000 hr. Com- 
parative curves on the current product 
are also shown for a period of 8000 
hr. These data supplement creep 
curves on two of the compounds pre- 
| viously presented in 1949 by the 
| authors after a loading period of only 
| 11,600 hr. The data show that times 
in excess of 40,000 hr are required to 
| establish constant creep rates at all 
but the lowest test stresses. Hence, it 
logically follows that equations used 
for calculating long-time creep from 
tests of short duration (1000 to 10,000 
hr) will give erroneous results if one 
| of the parameters is a constant creep 
rate as determined from the short- 
time test. 





“Creep Characteristics of Compression-Molded 
‘ . Polyethylene,” by G. R. Gohn and J. D. Cum- 
© Immune to Chemical Attack © Excellent Electrical mings, Bell Telephone Laboratories. ASTM Bul- 


®@ High Reliability to 1000°F Characteristics letin, 20th and Northampton Sts. Easton, Pa, 
in Oxidizing Atmosphere ®@ Resists Thermal Shock July 1960. 
®@ Require No Lubrication @ Light in Weight — 
@ Non-Warping even under Exceptionally Easy to Mold 
High Pressures © Machineable to Close Tolerances 


MORGANITE is specified industry-wide for thousands of applications i j 

including seals, bearings, pump vanes, meter valves, asthe doutnate Coloring linear polyethylene 

and special mechanisms. This universal material functions efficiently in There are three widely used color- 
oil, grease, grit — under high pressure, at high temperatures. MORGANITE ing techniques. They are: (A) Con- 
is ideal for use in sealed mechanisms and is employed in many vital trate let dow d . t-resin 
missile and ‘‘space age”’ projects. Call or write for design criteria, or ask | ee ee 7 — aes 
MORGANITE for recommendations on your specific applications. blending by banbury milling or ex 
trusion prior to final processing; (RB) 


| concentrate-resin blend, molded or 
' 3306 48th Avenue, | extruded directly into the finished 

Oe Long Island City 1, | product and; (C) dry blending of 
INCORPORATED New York | Tesin and colorant and injection mold- 

° in Concda: ing or extrusion into the finished 


Manufacturers of Fine Carbon Graphite Products including Mechani- Morganite Canada Ltd., product. Methods B and C are prob- 


cal Carbons, Motor and Generator Brushes, Carbon Piles, C t ; ‘i 
Collectors and Electrical Contacts — Distributors of 99.7% Pure Toronto -" me sys — _— _— 
Al,0, Tubes, Crucibles and Crusilite Electric Heating Elements. continues o8 page S86 


FOR OVER HALF A CENTURY... 
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TEOLACE. sun 


TOUGH, HARD, RIGID POLYMERS FROM BORG-WARNER 


This three-way General Electric Household Sharpener required a housing as 
versatile as the product itself. Because of its contact with knives, scissors and pencils, 
the housing’s surface had to be able to take abuse and constant handling. 
The answer, of course, was Borg-Warner's CYCOLAC brand polymer .. . tough and light. 
Of equal importance was the dimensional stability and stain resistance of this 
remarkable material. Once again this most versatile of plastics has given General Electric 
a better, more attractive design . . . assured product performance. 
And, it can do the same for your product! See for yourself why— 
CYCOLAC is better in more ways than any other plastic. 
For details write Department S$-9. 


MARBON CHEMICAL 3 owision BORG-WARNER 


WASHINGTON WEST VIRGINIA 
*CYCOLAC is the registered trademark of Borg-Warner 
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PROPERTIES: Extremely tough, excellent impact strength, 
resilient, lightweight, lustrous, weather resistant, dimen- 
sionally stable. Available in-a wide variety of formu- 
lations, including weather-resistant, and an almost 
unlimited range of transparent, translucent, opaque, 
metallic and variegated colors plus a crystal-like clear 
transparent. 
Adapted to fast injection molding or extrusion. 


TYPICAL USES: Steering wheels, telephone housings, busi- 
ness machine keys, tool handles, football helmets, in- 
dustrial pipe, skin and 


blister packaging, out- 
door signs, architec- 


tural panels, warning 
BUTYRAT E 


light flasher lenses. 


PROPERTIES: The orig- ye 
inal Tenite plastic, of- ; 
fering a wide range of reo 


desirable propertiesin» oy > = ATE 


cluding toughness, 


light weight, impact 
strength, enduring luster and low heat conductiviiy 


| Available in a variety of formulations and almost un- 
_ limited colors. 


Adapted to fast injection molding or extrusion. 
TYPICAL USES: Small appliance housings and parts, figur- 


5 € bra containers, toys, novelties, lamp shades, handles, 
_ Vacuum clcaner parts. 


Saul: tat sacaet sock las Pen ak: 
oye tering apes ph Oe "aR 


ing. and 
r paper, 
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Cars. 


PROPERTIES: A cellu- 
@ losic with physical 
properties that, in 


PROPIONATE general, range be- 


tween those of Ace- 
tate and Butyrate. 
Available in a variety of formulations and a wide range 
of clear and opaque colors, 
Adapted to fast injection molding or extrusion. 


TYPICAL USES: Safety goggles, telephone housings, 
handles, packaging sleeves, cosmetic cases, pen and 
pencil barrels, jewelry cases, eyeglass frames. 





Tee 


plastics facts 
for starting 
ideas... 


Six versatile TENITE Plastics give you a wide selection 
of properties for tough, durable products sparkling with 
a lustrous finish and virtually unlimited in color. More 
than 42,000 hues and color effects are already on file in 
the Tenite Color Laboratory. Whether your plastic ap- 
plication is for indoor or outdoor use, you can find excit- 
ing possibilities in TENITE Butyrate, Propionate, Acetate, 
Polyethylene, Polypropylene, and Polyester. There is a 
formulation to meet your design needs...to satisfy your 
performance requirements...to suit your manufacturing 
facilities. 

Tenite representatives are technically trained and 
ready to help in the design or production of plastic 
products. You'll find their addresses listed under "Plastics 
—Tenite” in the classified telephone directories of these 
cities: Atlanta, Chicago, Cleveland, Dallas, Dayton, 
Detroit, Greensboro (N. C.), Kansas City, Leominster 
(Mass.), Los Angeles, Minneapolis, New York City, 
Philadelphia, Rochester (N. Y.), St. Louis, San Francisco, 
Seattle, Toronto. 


EASTMAN CHEMICAL PRODUCTS, INC. 


subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE 
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PROPERTIES: Surface hardness and gloss, tensile and im- 
pact strengths, high melting point, excellent dielectric 
properties, and resistance to abrasion, chemicals, stress 
cracking, water and moisture vapor transmission. Su- 
perior flexural strength and extremely high resistance to 
flexing fatigue. Polypropylene is one of the lightest of 
all solid plastics. 

Adapted to injection and blow molding, continuous 
extrusion. 
TYPICAL USES: Luggage, appliance housings, packaging 


film, rigid sheet, wire and cable covering, industrial pipe, 
outdoor furniture web- 


bing, containers, toys, 

housewares, blister 
® : 

packaging, foamed 


electrical insulation, 


POLYPROPYLENE laboratory ware. 


TEMITE Ss 


and most solvents, and 
dimensional stability 


moisture absorption. Film properties retained from sub- 


zero cold to temperatures above boiling water. 

Film and sheet available“ for metalizing, printing, 
laminating, stamping, vacuum-forming, and coating with 
heat-sealable materials. 

*From Acme Backing Corporation, New York City 


TYPICAL USES: Magnetic tape, metallic yarns, packaging 
wire and cable tape, boilable pouches. 





r-8 NONMETALLIC MATERIALS AND FINISHES 


Lop @, I - 3 


DEDICATED 
TO SERVING 
; INDUSTRY 
mo.veo «60s WITH: THE 
FINEST IN 
PRECISION 
SILICONE 
AND 


Mass production of precision 
ee, ranging from phase 
insulating caps of sili- 
cone rubber (designed for 
room temperature vulcaniz- 
ing) to switch parts of min- 
eral-filled silheene resin 
(desi to retain dimen- 
stability at tempera- 

tures of 2000° F.). 


FLUOROCARBON* 


BONDED 


Environment proof limit 
switches (like t one for 
airborne equipment) call for 
completely sealed construe- 
tion. These seals are sili- 
cone rubber bonded to metal 
... evidence of Moxness 
ability to handle the most 
exacting codutcomente in 
this apucialiecd field. 


A complete 
ONE-STOP 

SERVICE 

for solving 

. Extreme 
emperature 
Problems 


Bt ow VITON, TEFLON; : 
KEL-F apathy amet oe 
(—170° F. te 600° F.) 


3M 


oe: ss 


EXTRUDED 


Large, small, singin €2 eum 
plex . ou alwa to, 
quality *atheone rubber extra 
sions from Moxness. 
equipment and an = 
process developed by Mox- 
ness also assures you of pay- 
ing less for precision extru- 
sions when you order from 
Moxness. 


® 
MOX-TAPE 


NEW Guide Line Tri 
lar Mox-Tape provides 
mogeneous void-free insu- 
lation for motors (class H 
and B) with a —- wrap. 
i AA, Be to 60%. 
RSA glass-re- 
inforeed insulating tape pro- 
vides a protective covering 
for silicone rubber form 
coils. . . eliminates 
final wrap of glass cloth and 
dipping operation. 


MOXNESS PRODUCTS, INC., Racine, Wisconsin 


* Subsidiary of Plastics Corporation of America, Inc. 
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DESIGN ABSTRACTS continued 


C is very popular in general purpose 
injection molding while Method A 
is preferred in those applications 
where dispersion of pigment is critical, 
such as in fiber, film or wire coating. 
The inital blending operation of 
resin pellets and dry pigment is very 
important and can to a large degree 
determine the dispersion in the fin- 
ished product, especially when dry 
blending and injection molding. 
Small amounts of pigment (as high 
as 1%) can be adequately dispersed 
with the resin without the use of a 
wetting agent. The electrostatic 
charge on the resin caused by the tub- 
ling action is sufficient to prevent the 
separation of the pigment from the 
resin. With larger amounts of pig- 
ment a wetting agent is necessary. 
Mineral oil is an excellent wetting 
agent since in low concentrations 
(0.02% to 0.05%) it has little effect 
on the physical properties, except for 
a slight decrease in melt viscosity. 
Higher concentrations of mineral oil 
give a grey cast to the resin making it 
extremely difficult to obtain a bright 
white color or any light pastel. There 
is also some evidence that the weather- 
ability of the compounded resin may 
be adversely affected. 
“Coloring Linear Polyethylene,” by P. E. Camp- 
bell, R. J. Martinovich, and T. V. Gay, Phillips 


Chemical Co, SPE Journal, 65 Prospect St, 
Stamford, Connecticut, September 1960. 


_ 


Designing with graphite 

Described are the many inherent 
properties of carbon and _ graphite 
products. ‘These products are used 
in a representative number of me- 
chanical, chemical, electrical, and re- 
fractory applications. Many specific 
grades and forms can also be de- 
veloped to suit application require- 
ments. 


“Carbon Graphite” Stackpole Carbon Co, St. 
Mary's, Pa, Catalog 40B. 


. 


Finishes for magnesium 


To ask “What is the best finish for 
magnesium?” is like asking “What is 
the test kind of metal”. Both ques- 
tions can be answered only after hav- 
ing information about the service con- 
ditions to which the finished part will 


continued on page 134 
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WHY GLASS? 


It’s versatile and basic. 

And if it is a Corning glass, it offers 
your products these solid benefits: 

Permanent finish. Corning glass com- 
positions resist weather, chemical 
attack, abrasion and high tempera- 
tures. Their surfaces stay non-ab- 
sorbent and non-porous—clean 
quickly. 

Controlled trans{ azency. Corning 
glasses are uniformly transparent— 
piece after piece, year after year. 
Colored or clear—they never lose 
their original clarity. 

Hermetic enclosures can be made in 
rugged designs from special glasses 
developed for glass-to-metal fusion 
sealing. 

Electrically conductive coatings. Fired 
on to glass, they are a very efficient 
source of radiant energy. They pro- 
vide uniform heat distribution of a 
long wave length radiation readily 
absorbed by most materials. They 
also provide efficient reflectors of in- 
frared radiation for heat shielding. 

Durability. Glasses with ingenious 
balances of mechanical, electrical 
and chemical properties plus correla- 
tion of form and shape insure a 
durable product. 

Heat indifference. Corning glass keeps 
strength and finish at high tempera- 
tures—in some compositions from 
900°F. to 1700°F. Heat indifference 
is furthered by designs that carefully 
distribute thermal stress. 

Electrical stability. Corning glasses 
have high resistivity, low power losses, 
low and high dielectric constants, 
excellent non-tracking properties. 

Chemical inertness. Corning glasses 
resist most atmospheres and chemi- 
cals even at relatively high tempera- 
tures—do not pit, scale or rust. They 
keep their chemical, mechanical and 
electrical properties indefinitely. 
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Why it will pay you to 


ONSIDER GLASS 


before your products reach the blueprint stage 


WHICH GLASS? 

You can choose from five types of 
Corning These fill 
needs. But, if you have an unusual 
application—one that cannot be met 


glasses. most 


by any of the following types—special 
variations will be suggested. 

Borosilicate glasses have high ther- 
mal endurance, softening points, 
chemical resistance, and excellent 
electrical stability. 

High silica glasses have extreme 
thermal endurance, very high soften- 
ing point, high chemical resistance, 
excellent electrical properties, and 
exceptional transmittance of the 
ultraviolet or the infrared. 

Opal glasses have uniform and well- 
controlled translucence and good 
mechanical strength. 

Lime glasses have controlled me- 
chanical properties and excellent 
visual qualities. 

Lead glasses have controlled me- 
chanical and electrical properties and 
high visual quality. 


WHERE GLASS? 


Because you can get Corning glass 
in almost any shape or form you wish 
—because you can be sure of the 
definite and fine balance of proper- 
ties required for your specific needs, 
you can use Corning glass in a wide 
range of applications. Some of these 
are: 


CORNING MEANS 


wy CORNING GLASS WORKS 519 Crystal Street, Corning, N.Y. 


Name 


RESEARCH IN 


Please send me a copy of Bulletin IZ-1, entitled ‘‘Designing with Glass for Industrial, 
Commercial and Consumer Applications.” 


Ovenware 

Coffeemakers 

Laboratory ware 
Electrical insulation 
Gauge glasses 

Industrial piping 

Range burner plates 
Crucibles 

Ultraviolet lamps 
Thermocouple protecting tubes 
Induction furnace linings 
Electrical insulation 
Infrared heaters 

Lighting ware 

Food service dishes 
Refrigerator storage dishes 
Incandescent lamps and stems 
Tumblers 

Vacuum bottles 
Fluorescent lamps 
Tableware 

Refrigerator trays 

Washer windows 

Level vials 

Fuses 

Lampworked novelties 
Bowls for food mixers 


FREE BULLETIN 

For more complete information on 
how you can advantageously use 
glass in your product design, send 
coupon for Bulletin IZ-1. 

It lists specifications of the various 
types and forms of Corning glasses 
and tells how our design service can 
help you. 


GLASS 


Title 





Company 





Street 








City a 


__State 
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PRODUCTION'S BIG PLUS 


POLYSULFIDE-BASE SEALANT SPEEDS ASSEMBLY 
AUTOMOTIVE .:eeesseiaaammmmmar ra 
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IN THE BIG INDUSTRIES 


LINE PROCESSES, IMPROVES END PRODUCTS! 
MARINE 


Compound with THIOKOL polysulfide polymer is being used in more 
and more products —as a sealant and adhesive —to seal joints and 
seams, to weatherproof, and to reduce or supplement mechanical 
fastening. @ Leading trailer makers install it to bond roof to cross 
members, to seal floor joints and skylights. Top boat builders caulk 
decks and hulls with this material to produce pleasure craft that are 
lastingly watertight. Building components manufacturers weather-seal 
pre-fab curtain wall panels. The aircraft industry depends on it to seal 
integral wing fuel tanks. H THIOKOL polysulfide polymer is synthetic 
rubber in liquid form which air-cures to a flexible, cushiony solid. It 
adheres with weld-like strength to all kinds of materials — wood, metal, 
plastic, glass...resists oil, moisture, aging, gases, and thermal change... 
provides long life and trouble-free service. M@ A little imagination 
plus compounds with THIOKOL polysulfide * 

polymer may improve your product, speed Thiokol : 
production, cut costs. It has for many indus- 780 N Clinton Ave. Trenton 7 iL. 


In Canada: Na 


tries. Full story? Write for Brochure [A-200.  porminicn Rubber Company. 
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which of these quality 


4| fiber glass reinforcements 
fits your operations? 








533 Roving... for filament 
winding, panels, rod stock 


... highly effective wet-out with polyesters, 
phenolics and epoxies in producing translucent 
products with high unidirectional strength. 


520 Roving... for spray-up 
applications 


. . - provides close control in uniformity, cuts 
clean, dispenses freely, wets well, has color trace 
strand. 


508 Roving... for preform 
molding 


... drapes well, distributes evenly, conforms well, 
runs free of static, has high strength, cuts re- 
jects to a minimum. 


Chopped Strand Mat... 
for sheets, boats, high 
pressure molding 


... wets out faster than ordinary mat, has uni- 
form fiber distribution; provides improved 
strength, appearance and workability; pure 
whiteness eliminates discoloration. 


TECHNICAL HELP AVAILABLE 


Samples of these quality reinforcements are 
available for trials in your own plant. A PPG 
technical staff man will be glad to answer any 
questions you may have and demonstrate tech- 
niques and machinery adjustments to get best 
production results. 

For literature and other information, get in 
touch with your nearest PPG Fiber Glass Sales 
Office or regional distributor, or write Pitts- 
burgh Plate Glass Company, Fiber Glass Divi- 
sion, One Gateway Center, Pittsburgh 22, Pa. 


rise [pou PITTSBU:RGH ae Oe meee Ce eee Se ey 
ser G 


Sales Offices: Atlanta, Boston, Buffalo, Chicago, Cincinnati, Cleveland, Dallas, Detroit, 
Houston, Kansas City, Louisville, Los Angeles, Miami, Milwaukee, Minneapolis, New 
Orleans, New York, Philadelphia, Pittsburgh, San Francisco, St. Louis and Seattle 
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SILICONE NEWS from Dow Corning 


Perfect prototypes fast 





| 


7 4 
Se Sk aad apa | 
(tint Beetles lhe Ye. Shel te 


Make lifelike parts with 
molds of Silastic RTV 


Silastic® RTV helps you produce either simple cavity or split molds 
quickly and inexpensively. Supplied as a fluid silicone rubber and catalyst, 
Silastic RTV flows smoothly, filling every crevice. Reproducing the finest 
detail in a matter of minutes or hours — depending on the RTV system 
used — it sets up at room temperature to a firm, flexible silicone 
rubber capable of tolerating casting temperatures up to 500 F. With it, 
you can produce parts that are as near perfect as possible in many plastics 
and molten alloys. 


Easy does it! Here’s how to produce a split mold with Silastic RTV. 


A. After the original part has been partially embedded in paraffin, (or 
some similar material) Silastic RTV is poured into form producing 
one half of mold (shown rear). 


Silastic RTV is easy to use, produces ac- 
curate molds quickly. Mold casting mate- 
rials release readily from Silastic RTV 
B. Alignment notches are cut in first half of mold, surface is coated with without parting agent. It’s the perfect 

release agent and RTV is poured to form perfectly mating second half. mold-making material for making inex- 
C, Clamp the two RTV molds together, drill your sprue hole and air vent _ pensive duplicates for market testing or 

and cast prototypes that are perfect “stand-ins” for the original. sampling, and for short production runs. 


For detailed information on Silastic RTV, 
— ge Dow Corning Corporation, a 
idland, Michigan. 
Dow Corning 
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B.EGoodrich 


ABSON. 
ABS MATERIALS 


For easier processing than you ever thought 
possible in an ABS material. The superior flow 
characteristics provide advantages in mold- 
ability and vacuum-forming ability that no other 
ABS material can offer. You can reduce operat- 
ing temperatures, providing a solution to color 
drift problems. Cycle times can be shortened; 
gauge pressures can be reduced. 

Abson offers excellent impact resistance, re- 
sistance to corrosion and chemicals, as well as 
exceptionally fine surfaces and detail. 


Complete information telling how to profit 
with Abson is available. Write for it today. 


PERE ee Ee 
é Physical properties of one of the Abson 
extrusion land molding compounds 
(Abson 89001) 


Specific gravity 
Hardness (Rockwell R) 
Tensile strength (psi) 


Impact strength 
(lzod—ft. Ibs. per inch notch) 


Flexural strength (psi) 
Compressive strength (psi) 
Heat distortion (at 264 psi—°F) 
Elongation at break (%) 


Seer ee fore <a amuea aon 


ESTANE. 
POLYURETHANE MATERIALS 


Unusually abrasion-resistant thermoplastic 
elastomer. Products made of Estane are 
tough, unusually resistant to cut and tear, 


and resistant to ozone, fuels and oils 


This elastomer'requires no curing, is thermo 
plastic. Otherwise-wasted stock accumulated 
dalgeley=dammale|aeat-lmni-]e)aler-1 ele) aler-1 alm el-mia-1e\ 201 [-16| 
You can extrude, injection mold, mill’ and 
€alender finished products without cross 
linking or curing, Processing is much .like 
vinyl—as fast, on the same equipment, with 
similar settings. Yet many physical prop 
erties are rubber-like. Ask for Bulletin G-18 


Physical properties of an Estane polymer 
(Estane 5740x1) 


Specific gravity 
Hardness (Durometer A) 
Tensile strength (psi) 
300% modulus 
Ultimate elongation 
Graves tear (Ibs. per inch) 
Moisture vapor transmission 
(gms/100 in 2/24 hrs.) 
Abrasion resistance Excellent 
Low-temperature properties Superior 
Gamma radiation resistance Excellent 


THE FAMILY OF PLASTICS FROM 
B.F- GOODRICH CHEMICAL 
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GEON. VINYLS 


Look how many ways this versatile plastic performs! As a soft, 
flexible material, Geon vinyl provides an excellent combination 
of properties, either by itself or in combination with other mate- 
rials. Geon provides inertness or resistance to chemical attack, 
acids, alcohols, oils and alkalies—as well as providing superior 
electrical properties, and resistance to abrasion and weathering. 
Extruded, moided or used as a coating on metal, wood, paper 
or other materials, Geon offers outstanding opportunity to create 
new products or improve old ones. 


In rigid form, Geon provides the same basic properties, with 
structural advantages added. For example, rigid Geon is used 
in many building applications—as sash, moldings, coving or 
decorative sheet. Rigid Geon pipe and conduit provide corrosion- 
resistant advantages resulting in far longer, trouble-free life. 
Rigid Geon extrusions can offer weight-carrying potential. 


Physical properties of typical Geon vinyls 
A Rigid Compound (Geon 8700-A) 
Specific gravity 
Hardness (Durometer D) 
Tensile strength (psi) 


Impact strength 
(izod—ft. Ibs. per inch notch) 


Flexural strength (psi) 
Compressive strength (psi) 


Heat distortion (at 264 psi—F°) 


Flexible Materials 


HI-TEMP GEON.. 


hi-temp Geon offers the advan- 
tages of vinyl but performs at 
215°F, 60°F higher than the op- 
erating temperatures of previ- 
ous rigid vinyls. This new addi- 
tion to the Geon vinyl family can 
be used in the same way as 
any of the other uses of Geon 
— for extrusion, molding and 
calendering. 


Complete information telling 
about the many ways hi-temp 
Geon can help improve a prod- 
uct or open whole new markets 
is readily available. Write for it. 


Physical properties of 
hi-temp Geon high-impact 
compound (Geon 88805) 


Specific gravity E. 
Hardness (Rockwell R) 1] 
Tensile strength (psi) 1800 
Impact strength 
(lzod—ft. Ibs. per inct 
notch) 
Flexural strength (psi) 
Heat distortion 
(at 264 psi—F°) 
Elongation at break (%) 4.5 


Geon resins are used to make many different kinds of flexible materials. According to the formulation 
employed, physical properties can be obtained to meet widely varying requirements. Softness, flexi- 
bility, specific gravity, abrasion resistance, electrical properties, chemical resistance, adhesion to 
various substrates, all can be altered and controlled. As a result, flexible Geon vinyl compounds are 
found in such varied products as garden hose, life preservers, shoe soles, dolls, refrigerator door 
gaskets, playballs, electrical insulation, cable jacketing and interior coatings on dishwashers. 


The mark of similarity shared by all these members of the family of plastics from 
B.F.Goodrich Chemical—all provide high uniformity and reliability of unusual value. 
For more information or for help in applying these materials to your product, write 
Department RB-1, B.F.Goodrich Chemical Company, 3135 Euclid Avenue, Cleve- 
land 15, Ohio. In Canada: B EG d . h Ch . ] 
Kitchener, Ontario. ome 00 Pic emica 


a division of The B.F.Goodrich Company 
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check the advantages 
of STONER reusable 


rubber blankets 
contoured 
rubber 
pressure bags 


* Made of tough, temperature 
resistant 350°F.and 2000 psi 
as a-working range. 


* Thickness from .015 to .125 


* Made to most intricate 
shapes and sizes. 


* Lower unit cost—no wrinkles, 
less part clean-up—easier to seal. 


STONER BAGS & BLANKETS ARE 
NOW BEING USED BY MANY 
FABRICATORS IN THE AIRCRAFT 
AND MISSILE INDUSTRIES. 








Write for complete 
information: 


TONER RUBBER CO. INC. 


10792 Knott Ave., Anaheim, California 
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BOBBINS—WASHERS 
and PRECISION PARTS 


Bobbins, Washers, Bearings, Bushings, Gaskets, Actuators, Cams, 
and many other molded parts are available from stock. Select 
the material to suit your requirements: NYLON (rugged resil- 
ient, light), EPOXY (new high temperature resin). TEFLON 
(moisture resistant, high dielectric). 


, 2 a, <2 
...NYLON 4&™® 


$c ®@ 


..-EPOXY === 





COSMO 





NEW 24-PAGE CATALOG 


Complete specifications on all parts and materials 


COSMO PLASTICS COMPANY 


3239 WEST 14 STREET © TOwer 1-5596 








e CLEVELAND 9, OHIO 
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DESIGN ABSTRACTS continued 


be subjected. ‘There is no finish for 
any material which is best under all 
conditions. 

Many engineers have not used 
magnesium where it would have been 
advantageous, because of a miscon- 
ception about the “high rate of cor- 
rosion” of the metal. Magnesium 
requires protection under many ex- 
posure conditions. This is also true 
of almost every other metal. Corrosion 
of magnesium in any environment, 
without a finish, is only a fraction 
as severe as that of ordinary carbon 
steels. 

Finish systems that have worked 
well for magnesium vary from the 
simple natural corrosion resisting car- 
bonate and oxide of the bare metal 
to very complex systems. The best 
type of finish for any metal depends 
upon the field of application. 

Adhesion of the finish to the metal 
is an important factor. ‘The behavior 
of the metal, the surface condition, 
and the characteristics of the finish all 
affect adhesion. 

Alkalies often act upon some of the 
components of organic finishes; most 
bare metal surfaces are alkaline. Phos- 
phate or chromate surface treatments 
are used to provide thin acid or neu- 
tral films to promote good adhesion. 
“Finish Systems for Magnesium,” The Maga- 


zine of Magnesium, 1950 W. Fort St, Detroit 
16, Mich., August 1960. 


Stretched acrylic sheet 


Stretching has been found to en- 

hance the impact strength and other 
properties for acrylic sheet. The re- 
duction of weight possible and other 
effects of this technique are described 
in this article. 
“Stretched Acrylic Sheet,” by J. W. Ladbury, 
Technical service and development dept, |. C. I. 
Ltd. Plastics Div, Engineering Materials and 
Design, Drury House, Russell St, London, Eng- 
land, June 1960. 


Glass-bonded mica 


Production methods of inorganic 
insulation materials and their effect on 
their properties and industrial applica- 
tions are reviewed. Glass-bonded 
mica can be compression-and injec- 
tion-molded to almost any shape for 

continued on page 136 
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Write for full details on the 
ROKIDE Coating Process. 
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Here’s the fast, economical way to 
protect vital parts and equipment 
against temperatures up to 4600°F 

. . extreme abrasion . . . electrical 
energy ... erosion and corrosion. Ap- 
ply ROKIDE Ceramic Coatings — 
hard, crystalline refractory materials 
which provide effective protection. 

ROKIDE Coatings are supplied in 
rod form as “Z’’ Zirconium Oxide, 
“A” Aluminum Oxide, “‘C’? Chrome 
Oxide, “‘ZS’”’ Zirconium Silicate, and 
“MA” Magnesium Aluminate. To 
apply, rod is heated and the molten 
particles projected at high velocity 
against the prepared surface, where 
they adhere and solidify. 

ROKIDE Coatings are used for both 
military and industrial applications 
such as: missile components, bearing 


Protect modern metals 


and materials 
with ROKIDE* Ceramic Coatings 


surfaces, extrusion dies, furnace and 
feed rolls, induction coils, igniter tips, 
strain gages, buffing fixtures, mechan- 
ical seal rings, pump shafts, capstan 
wheels, impellers, crucibles, etc. 

ROKIDE Coatings are available from 
a number of strategically located job 
shop applicators or direct from 
Norton Company, Worcester, Mass., 
and Santa Clara, California. Find out 
how they can cut your maintenance 
and production costs. NORTON COM- 
PANY, 228 New Bond Street, Wor- 
cester 6, Massachusetts. 








*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries, 


REFRACTORIES 
Crystallizing ideas 
into products 


75 years of... Making better products...to make your products better 
NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Retractories + Electro-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressare-Sensitive Tapes 
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DESIGN ABSTRACTS continued 


many purposes. ‘The compression- 
molded material is available in the 
form of sheets, cords and pieces cut 
to order. There is no great difficulty 
in machining with ordinary machin- 
ing tools, provided the technique is 
thoroughly understood. The injection- 
molded material is made from injec- 
tion or transfer molds in a_ very 
similar manner to normal plastics 
moldings, except that much higher 
pressures and temperatures are em- 
ployed. ‘The mechanical advantage, 
compared with most plastics, is that 
there is no shrinkage or warping after 
molding and therefore very close toler- 
ances can be maintained, particularly 
as the coefficient of expansion is very 
similar to that of most usual steels. 
“Glass-Bonded Mica Insulation,” by S. Postle, 


Engineering Materials and Design, Drury 
House, Russell St, London, England, June 1960. 


Abrasion and wear resistance 
of reinforced polyester surfaces 


Reports exhaustive testing by all 
known methods, employing all known 
variables. It also points out the fact 
that added test methods are needed 
before test results can be correlated 
to actual service life. 

“Abrasion and Wear Resistance of Reinforced 
Polyester Surfaces,” C. B. Sias, Pittsburgh 


Plate Glass Co. Plastics Technology, March 
1961, 630 Third Ave, NY 17. 


Refractory materials at 
high sliding velocities 
and temperatures 

Various ceramic and cermet mate- 
rials have been evaluated for unlub- 
ricated wear resistance at high sliding 
speed (100 to 200 fps) and low unit 
load (5 to 50 psi) in 1000 to 1800 F 
air. A statistical correlation was ob- 
tained between the measured wear 
rates under these conditions and the 
coefficient of friction, the thermal- 
stress resistance, and the thermal dif- 
fusivity of the mated materials on 
which wear predominated. A mechan- 
ism of wear has been evolved based 
on the foregoing correlation and on 
the experimental study of friction and 
wear surface-temperature fluctuations 


using special transducers and color- 
continued on page 142 
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STABLE ELECTRICALS Binding posts 
made of LEXAN resin retain electricals 
even under moist, hot conditions. They do 
not loosen, are molded in six attractive 
LEXAN colors for coding. Other features 
are: low loss and power factor, low dielec- 
tric constant, high voltage insulation, 
non-sink surfaces. (Superior Electric) 


DIMENSIONAL STABILITY Card guide 
for business machines is molded to close 
tolerances . . . must undergo minimum 
change in dimensions during service. 
Parts show excellent dimensional stabil- 
ity under moist and high temperature 
conditions. LEXAN resin meets self- 
extinguishing requirement. (IBM) 
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G-E LEXAN® POLYCARBONATE RESIN 
GOOD DIELECTRIC—AND MUCH MORE! 


be. 4 
HEAT RESISTANCE Beautiful handles 
of LEXAN polycarbonate resin are used 
in rugged service on soldering irons. They 
resist the impact, heat and abrasion of 
daily bench work. The hard, glossy han- 
dies are light in weight. Molded in three 
pastel colors, they provide toughness 
and sales appeal. (Ungar Electric Tools) 


. 


STRENGTH These coil forms can take 
temperatures above 200°F without 
deforming, despite stresses exerted by 
tightly wound wire. LEXAN resin is non- 
corrosive even when used with very fine 
Class F magnet wire. Coil forms have 
structural strength and stability... high 
oxidation resistance...stable electricals. 


SELF-EXTINGUISHING The self- 
extinguishing characteristic of LEXAN 
resin (ASTM-D635) is just one of several 
indispensable properties in this unique 
connector. Other important features are 
high dielectric strength, dimensional sta 
bility, moldability, good appearance, high 
impact strength. (Camblock Corp.) 


HIGH-PERFORMANCE DESIGNS 

START WITH LEXAN THERMOPLASTIC 
LEXAN resin is a stable and beauti- 
ful design material. It provides an 
outstanding variety of top qualities 
— from good electricals to the high- 
est impact strength of any plastic. 
It has excellent high-temperature 
properties, including a high heat 
distortion point under heavy loads. 
The material is naturally transpar- 
ent... has often been likened to a 
transparent metal. In fact, it offers 
the production advantages of both 
thermoplastics and non-ferrous 
metals. Its other advantages are too 
numerous to describe here: we urge 
you to refer to G-E’s extensive 
literature on LEXAN 
for details on price, properties, 
applications and G-E’s technical 
assistance program today! General 
Electric, Chemical Materials Depart- 
ment, SectionPE-9] Pittsfield, Mass. 


LEXAN 


Polycarbonate R 


resin. Send 


GENERAL @@ ELECTRIC 
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Tough, durable Mylar® 
cuts costs...improves 
product performance 


1. Huge (100 ft. diam.) _in- 2. Permanent collar stays of 3. Capacitors with insulation 
flatable satellite of metalized ‘‘Mylar’”’ last the life of the of ““Mylar” give long-lasting 
: Mylar stays strong and flex- shirt... keep their shapeeven reliability . . . need for costly 
ible in sub-zero outer space. , after hundreds of launderings. encapsulation is eliminated. 
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For example, ““Mylar’’* polyester 
film gives many products extra 
resistance to heat, cold and aging 
. . - lengthens their life. Today, 
“Mylar”, with its resistance to 
chemicals and moisture, is improv- 
ing the performance of products 
as different as surgical bandages 
and intercontinental ballistic 
missiles. 

Can this unique plastic film and 
products made with it help you? 
Formoreinformationon “Mylar”, 
write the Du Pont Co., Film Dept., 
Room S-8, Wilmington 98, Del. 


***Mylar’’ is Da Pont’s reg- 
istered trademark for; its 
brand of polyester film. 


Better Things for Better Living ... through Chemistry 


DU PONT 


MYLAR 


ak @) 4h 
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IMPACT RESISTANCE 


MAXIMUM DROPS FOR FAILURE 
AVERAGE DROPS FOR FAILURE 
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In blow-molding... 


Only Cellulosics offer 





DEGREE OF VACUUM FOR 
WALL COLLAPSE 


IN. HG./MIL WALL THICKNESS 


BURST PRESSURE 
PSIG/MIL WALL THICKNESS 


d 
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toughness and transparency 


with economy 


New blow molding techniques, new cellulosic materials can 
mean improved products and lower costs for you. And you 
can depend on Celanese for the newest and best in cellulosics! 
Bottles, for example, blow-molded of Celanese cellulosics 
are light in weight . . . economical . . . far stronger and impact- 
resistant than similar bottles of many polyethylenes. And 
they will hold many products polyethylene can’t. Proof? 
Refer to the charts on this page. And specific formulations 
can be had with either FDA or Underwriters approval. 
Celanese Forticel and Celanese Acetate are two cellulosics 
well worth your interest. Both are high impact, rigid, shatter- 
resistant plastics. They offer fine surface, color permanence 


CC. PuePauese POLYMER 


Celanese Polymer Company is a Division of Celanese Corporation of America 
Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver 
Export Sales: Amcel Co., and Ameel Co., Inc., 522 Fifth Avenue, New York 36, 


—come in transparent or opaque formulations. Acetate is the 
mature, proved plastic while Forticel has the best combination 
of properties of all the cellulosics. 

Don’t you overlook the tried and true advantages of cellu- 
losics—for various uses from bottles to industrial com- 
ponents. Only cellulosics offer you both toughness and 
transparency at a reasonable price. Celanese® Forticel® 


CLIP THE COUPON FOR DATA ON 


Celanese Polymer Company, Dept. P-103-S 
744 Broad Street, Newark 2, N. J. 


Please send me bulletin A3-B “Blow-molding Cellulosics” 
NAM 

COMPANY 

ADDRESS 

OO : 
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PHENOLIC RESINS AND MOLDING COMPOUNDS 
DIALLYL PHTHALATE COMPOUNDS 
FIRE-RETARDANT POLYESTER RESINS 
FIRE-RETARDANT RIGID FOAMS 


For the designer who spells 


LOWER-COST general-purpose phenolics, 
proved in all manner of applications for 
forty years. These workhorses of industry 
account for thousands of applications— 
not only because they cost less but because 
nothing has come along that does things 
better: housings, cases, large and small 
parts requiring a balance of such properties 
as strength, non-conductivity, smooth sur- 
face, resistance to heat, cold, chemicals. 


é ca ae bs ies 


NON-BLEEDING PHENOLICS that are resist- 
ant to alcohol, essential oils, and other sol- 
vents and impart no color or flavor to foods, 
perfumes, cosmetics and other bottled 
products. For baby-bottle nursing top and 
caps we offer molding compounds which 
will stand repeated autoclave sterilization 
at 275°F, with many combinations of torque 
strength, surface finish, moisture resistance 
and other properties. They are formulated for 
high-speed molding on automatic presses. 


GREATER IMPACT RESISTANCE for prod- 
ucts subject to rough handling. For these 
Durez can help you choose from a broad 
range of shock-resistant phenolic com- 
pounds for telephone parts, gears, bush- 
ings, pulleys and structural components. 
These range from 0.3 to 17.0 ft.-Ib./in. 
impact. With strength like this, there’s no 
need to run up costs by overengineering 
or by staying with unsatisfactory materials. 





BONDING, IMPREGNATING, laminating and coating resins are 
also available from Durez in hundreds of formulations for use 
in abrasives, reconstructed wood, friction materials, rubber 
compounds, and corrosion-resistant mortars. Other types in- 
clude shell-mold resins that are helping foundries produce 
better castings. Coating resins contribute important proper- 
ties to printing inks, and to brushing or spraying finishes. 


LARGE STRUCTURAL SHAPES such as this outboard motor 
shroud are stronger and safer when molded with Hetron® 
polyester resin and fibrous glass. Hetron laminates and molded 
parts do not support combustion. Fire resistance is inherent— 
chemically locked in without the use of weakening additives. 
Corrosion resistance, and the ability to take a baked-on finish 
without crazing, are other key qualities. 
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out tougher specifications... 


DESIRABLE ELECTRICAL PROPERTIES, com- 
bined with light weight and dimensional 
stability, can be obtained in Durez electrical 
grade phenolic molding compounds. They 
find wide use in automotive ignition parts, 
resistor casings, coil forms, tube bases, and 
electronic components of many types. Some 
of these compounds are formulated espe- 
cially for molding around large inserts. Sev- 
eral are designed to meet military specifi- 
cations. 


HEAT RESISTANCE combined with high 
non-conductivity and other desirable elec- 
trical properties is also available in Durez 
molding compounds. Most compounds in 
this class are designed to take 72-hour heat- 
treatment at 392°F. Some will survive 
450°F for relatively long periods, and high- 
er temperatures for shorter periods, with- 
out serious impairment of physical proper- 
ties or molded appearance. They find wide 
use in electrical appliances. 


SPECIAL PROPERTIES in unusual combina- 
tions are available in Durez phenolics. Ex 
amples: low modulus of elasticity combined 
with other wanted properties. Or outstand 
ing chemical and moisture resistance com- 
bined with high mechanical strength, as in 
this sump-pump impeller. By formula varia 
tions and the skills of compounding learned 
over a forty-year period, Durez can give 
you resins and molding compounds that fit 
any job 


GREATER SAFETY in foamed-plastic applications becomes pos- 
sible with Hetrofoam® rigid polyurethane foams. Molded into 
slab form, or foamed in place, these self-extinguishing ma- 
terials deliver ideal properties for refrigerator insulation, build- 
ing panels, pipe coverings, flotation material, and many other 
uses. Properties include initial k factor as low as 0.10-0.12 at 
75°F, plus excellent k-factor stability. 


SPACE-AGE PERFORMANCE often requires super-plastics such 
as Durez diallyl phthalate molding compounds. Reinforced with 
orion or glass fiber, these materials are virtually free from cold 
flow and creep. They retain high electrical insulation values at 
relative humidities above 90% and over a wide temperature 
range. Their reliability has led to their wide use in rocket and 
missile components and in many other electrical and elec- 
tronic systems 


FOR COMPLETE INFORMATION, WRITE: 


DUREZ PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION, 1514 WALCK ROAD, NORTH TONAWANDA, N. Y 


HOOKER 


CHEMICALS 
PLASTICS 
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wall lubricating 
BEARINGS—BUSHINGS 
and COMPONENTS 


PULLEYS BEARINGS 


OMPONENTS 


” 
a 
ive) 
po 
em 
2) 
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Solve your problems With . 
SELF-LUBRICATING — CHEMICAL 4 


NON-CONTAMINATIN 


Where Lignum-Vitae is adaptable, there is seldom 
any other superior material. Runs efficiently dry 
and wet . ... in fresh or salt water, in contact 
with many acids, chemicals and other materials. 
Being non-contaminating, it may be used in con- 
tact with edible foods and liquids. 

The natural encapsulated lubrication never drips 
or leaks under proper application. 

Lignum-Vitae is ideal for tough ‘trouble spots’’; has 
unusual homogeneity, great compressive strength 
(up to 14850 psi). There have been applications 
where Lignum-Vitae Bearing, water lubricated, 
lasted ten to thirty times as long as Bronze or 
Babbitt. Also reduced power consumption 20%. 


WE CAN SERVE YOU, UPON REQUEST, AS FOLLOWS 


(0 Technical Brochure; Summary of Lignum-Vitae 
Properties. 

(0 Quote on Lignum-Vitae Bearings, Bushings and 
Components to specifications. (Send blueprint 
and application data) 

C) Price List: Lignum-Vitae Material, all forms. 


(CJ Price List: Most standard types of 
Lignum-Vitae Bearings and Bushings. 
CD Bulletin “How to use Lignum-Vitae 


(Material), Bearings, Bushings and Com- 
ponents."” 


( Send us the name and address of your 
favorite Bearing Distributor. 
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DESIGN ABSTRACTS continued 


motion-picture photography. Promis- 
ing materials for high-temperature 
high-speed bearings and seals include 
Al,O,-Cr-Mo cermets, SiC ceramics, 
and ‘TiC-Ni-Mo cermets. 

“Friction and Wear Behavior of Refractory 
Materials at High Sliding Velocities and Tem- 
peratures,” L. B. Sibley, C. M. Allen, Battelle 
Memorial Institute. American Society of Me- 
chanical Engineers, 61-LUBS-15, 29 W 39th 
St, NY 18. 


Methyl acrylate in RFP 

Over the past ten years one of the 
larger consumers of polyester resins 
has been the translucent panel indus- 
try. Various estimates indicate a pro 
duction of about 70,000,000 squarc 
feet in 1959 with most of this mat 
rial being used for outdoor applica 
tions. ‘Two of the main problems 
which have been encountered by thc 
users of translucent panels have been 
the inherent poor light stability and 
the poor resistance to weathering on 
exposure to sunlight and moisture. 
Considerable effort has been put forth 
to improve these properties by both 
the resin suppliers and panel manu 
facturers. ‘The development of im 
proved purity of raw materials and the 
the use of ultraviolet absorbers have 
improved the light stability of the 
resins. Improvements in weather re- 
sistance as evidenced by retention of 
gloss and original surface condition 
have been obtained by use of special 
production techniques to obtain a 
crinkle or pebble finish, by the use of 
surface mats, or by the use of mono- 
mers other than stylene, such as 
methyl methacrylate. A crinkled or 
pebbled surface essentially gives a 
panel which is resin rich in the areas 
of the crinkles or pebbles; and there- 
fore, a higher average weather resist- 
ance. A surface mat or veil applied 
over the chopped strand mat tends 
also to give a resin-rich surface by 
floating a resin layer over the glass 
filaments. Various monomers have 
also been used and methyl methacry- 
late modified resins show weather re- 
sistance and lighter stability superior 
to standard polyester resins using only 
styrene as across linking monomer. 

The use of monomers other than 
styrene with polyester resins for trans- 
lucent panel application has been in- 
vestigated previously, but except for 


continued on page 149 





“Sicon does 


not discolor under 
intense heat...77 


Left, Model ESO-1 
Majestic Incinera- 
tor with smart fin- 
ish of Sicon Blue- 
Gray. 


Below, Model C 
finished in attrac- 
tive Sicon Alumi- 
num 


Sicon finish is ap- 
plied by spray on 
both models. Sur- 
face phosphatized 
by hand wiping. 


—says Bob Cox, Sales Promotion 
Manager of the Majestic Company, 
Huntington, Indiana. 

“Our laboratory testing has shown 
us,” states Mr. Cox, “that Sicon fills 
our requirements for excellent color 
retention under high temperatures.” 


The burning of certain materials can 
generate heat far in excess of the nor- 
mal room temperature operation of 
Majestic Incinerators. That's why 
Sicon is used—easily applied by spray 
—because it retains its color up to 
1000°F. in aluminum or in the 500°F. 
range in colors. Write for Sicon Liter- 
ature—today! Write Dept. 1-31. 


Sicon 


Silicone Hi-Heat Finish 


»+y MIDLAND 
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NEW DESIGN IDEAS IN PLASTICS 


(Could one of them spark the solution to your problem?) 


ay POLYETHYLENES — New lightweight container is ideal 

for a variety of liquids. Molded from BAKELITE high- 
density polyethylene, it is corrosion- and scuff-resistant. 
BAKELITE polyethylenes offer a broad range of properties: 
strength and sparkling clarity for film packaging, moisture- 
and grease-resistance for extrusion-coated packages, excellent 
insulating qualities for wire and cable, light weight for pipe. 
@ EPOXIES — Epoxy terrazzo floors have more than twice 

the compressive strength of concrete terrazzo. Weight 
is cut 75% because %’’-thick epoxy terrazzo equals perform- 
ance of 1’’-thick concrete-type. BAKELITE epoxies, among the 
strongest and hardest plastics known, are ideal for industrial 
coatings, adhesives, reinforced laminates (medium-to-long-run 
tools and dies). 


VINYLS — Vinyl-based coatings on aluminum and steel 

are baked onto metal before forming. Provide excellent 
weather resistance with no cracking, chipping, or peeling. 
Offering high electrical resistance, formability, color and 
elastomeric qualities, BAKELITE vinyls can be easily fabricated 
into such products as swimming pool liners, extruded wire 
insulation, and as jacketing for conduits. 
4) STYRENES — Beverage cans effortlessly snap on and off 

this handsome new 6-pack carrier made from BAKELITE 
medium-impact styrene. Styrenes offer the designer a wide 
range of impact strengths, brilliant colors, glowing finishes. 
Molded and extruded styrenes are ideal for toys, containers, 


housewares, refrigerator door liners, portable TV cabinets. 


5] PHENOLICS — All-phenolic base housing for this newly 

designed sunlamp offers low heat conductivity, superior 
toughness. BAKELITE phenolics have high dimensional stabil- 
ity, very good machinability. Rich, glossy, smooth finishes, 
Ideal for all critical wet-dry conditions . . . and for bottle 
caps, chemical-resistant coatings, industrial or decorative 
laminates. 


@ POLYPROPYLENES—High heat resistance plus light 

weight, toughness and excellent dielectric properties, make 
BAKELITE polypropylenes ideal for TV backs. Outstanding 
chemical-, fatigue-, and stress-cracking resistance make them 
well-suited for pipe, housewares, auto accessories, webbing 
for outdoor furniture and many other uses, 

For information on application of these materials and proc- 
esses to your products, write Dept. JW-1131, Union Carbide 
Plastics Company, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, New York. Be sure to ask 
for your copy of the “Materials and Data Guide” which 
describes in detail the full range of BAKELITE Brand plastics. 


UNION 
CARBIDE 


PLASTICS 


BAKELITE and Union CARBIDE are registered trade marks of Union Carbide Corporation. 
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Years of processing rubber parts enable Garlock to 
practically “thread the needle” with accuracy to meet your 
size and tolerance requirements, 





When 
you need 
intricate 


MOLDED AND 
EXTRUDED RUBBER 
PARTS 


... depend on Garlock to meet your requirements with tensile strength . . . Neoprene for oil and abrasion 
utmost precision. No design is too complex, no size resistance . . . Silicone Rubber for high and low 
too small, no tolerance too exact for the unmatched — temperature service .. . Viton* Rubber for extreme 
combination of Garlock experience, skill and pro- temperature and solvent resistance . . . Nitrile and 
duction equipment. The minute your specifications | Butyl compounds where their special qualities are 
are received, Garlock “know-how” goes to work required. Your Garlock representative is fully 
... selecting and compounding the right combina- qualified to assist you in selecting the proper 
tion of basic materials . .. making the die or mold _ material. Call him at the nearest of the 26 Garlock 
to exact tolerances . . . insuring the excellence of sales offices and warehouses. Or, write for Catalog 
the finished part through twenty exacting tests and AD-167, Garlock Inc., Palmyra, N. Y. 

controlled quality during development and produc- Canadian Div.: Garlock of Canada Ltd. Plastics Div.: 
tion. United States Gasket Company. Order from the 
Choose from a wide variety of rubbers, each carefully | complete line of quality Garlock products... Pack- 
chosen and processed to meet your exacting needs. ings, Gaskets, Seals, Molded and Extruded Rub- 
SBR for general use . . . Natural Rubber for high _ ber, Plastic Stock and Parts. *Du Pont Trademark 


> 


GA RL O C K 
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Eighty-five years ago, Maas & Waldstein Co. first 
unlocked the door to chemical coatings and compounds 
for the products of industry. Today industry looks to 
Maas & Waldstein Co. for any of over 50,000 exclusive 
formulae that mean better finishes, more durable protective 
coatings on materials ranging from metals and woods to 
plastics, textiles and glass. As industry's reliable counselor 
on protective coatings, Maas & Waldstein Co. develops 
finishes, step-by-step, to provide a formula custom- 
tailored to the requirements of every product. 


OVER 50,000 ANSWERS TO YOUR COATING AND FINISHING PROBLEMS 


For use with any application method or cycle — for air 
drying or baking —there’s a Maas & Waldstein Co. coating 
to solve your finishing problem — and if there isn't, 

we'll engineer one, specifically for you. 
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MAAS & WALDSTEIN CO. 
2133 McCarter Hwy., Newark 4, N. J. 


Please send me basic literature for Industrial Finishes on 


OC Metal () Glass (Fj Plastic () Wood [7 Textiles [ Plextone® 


NAME TITLE 





COMPANY 





"> ADDRESS 
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LUSTRAN TYPICAL 
PERFORMANCE DATA 





PROPERTIES 


Test 
Conditions 





Tensile 
Stress at Yield 
Stress at Failure 
Elongation at Yield 
Elongation at Failure 
Modulus in Tension 
Flexural 
Maximum Stress at Yield 
Maximum Deflection at Yield 
Modulus in Flexure 
Impact Strength 


Izod 4%” x %” Bar Mid. (.010” Notch 
Radius) 


Izod 4%” x 4%” Bar Mid. (.010” 
Notch Radius) 


Hardness 
Rockwell 

Thermal 
Deflection Temp. under Load 
Unannealed 2" x %" Bar 


Physical 
Specific Gravity (Naturals) 





of notch 
of notch 


of notch 


of notch 
of notch 


of notch 





ft. Ibs. /in. 
ft. Ibs. /in. 
ft. Ibs./in. 


ft. Ibs. /in. 
ft. Ibs. /in. 


ft. Ibs. /in. 








*Data on Extruded Sheet 


**Monsanto Test 


+Data on Molded Samples 


Monsanto introduces... 


D638-58T 
D638-58T 
0638-58T 
D638-58T 
D638-58T 


D790-59T 
D790-59T 
0790-59T 


0785-51 





XX%” x 0.115” Bar-Sheet 
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a new family of plastic materials 





swear lo 
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breaks through the price-performance barrier 


LUSTRAN is a high strength plastic material 
supplied at low cost in performance-tailored 
formulations. It provides a balanced combina- 
tion of light weight, unusual toughness and 
durability, excellent thermal stability and 
colorability. 


With LUSTRAN, you will be able to design 
the right level of effective strength at the right 
cost into every product. See for yourself— 
compare the typical performance characteris- 
tics of the LUSTRAN formulations shown against 
the material requirements of those designs you 
now have on the boards. You can select a 
LUSTRAN formulation with four times the im- 
pact resistance of rubber modified styrene and 
ten times that of general purpose styrene. And, 
at zero degrees fahrenheit, a '%-inch thick 
24-inch square sheet withstands the shock of 
a 6 pound ball dropped 48 inches. LUSTRAN 
has superior rigidity, excellent surface and 
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gloss appearance, abrasion and chemical re- 
sistance and is available in a vast color range. 


LUSTRAN—a unique molecular arrangement 
of styrene and other monomeric materials— 
has been successfully injection molded into 
parts weighing as much as 3!4 pounds and 
vacuum formed in deep drawn parts weighing 
up to 11 pounds. It promises new design possi- 
bilities forcomponentsand housings for business 
machines, automobiles, refrigerators, radios 
and other appliances, packages, luggage and 
toys. Wherever the performance-cost balance 
is critical, LUSTRAN can help you. For more 
data, write to Monsanto Chemical Company, 
Plastics Division, Department 822, Spring- 
field 2, Massachusetts. 


Monsanto 


MONSANTO wnovator inPLASTICS 
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* to precisely fabricate parts, 
seals and components... from 


ected compounds and fc 


fic appl itions ONI 


te 


Developing Silicone rubber compounds that embody 
properties to meet today’s product requirements, is 
a Goshen specialty. GRC-engineered Silicone ‘rub- 
ber parts, seals and components have no superior 
when it comes to resistance to chemicals, acids, 
extreme temperatures, moisture, weathering, oxida- 
tion, ozone and other factors that defeat organic 
rubbers. That’s why they’re in increasing demand 
in today’s vital electronic, automotive, aero-space 
and other industries. Let us know your problem. 


< ENC iy, 


WRITE, WIRE, or PHONE ° @: 


4, ' \ 
“a po 


2091 S. Tenth St., Goshen, Indiana 
Phone KEystone 3-1111 TWX: GOSH 8701 
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(Satisfaction... Since 1903) 


MECHANICAL RUBBER PARTS 


to your order 





MOLDED, 
PUNCHED, 


EXTRUDED 
or Batecees 


in NATURAL, 
SYNTHETIC 

or SILICONE 
COMPOUNDS. 








Let us know 
of your 
requirements 


We Specialize in producing Rubber 
Covered Rolls, Silicone Rubber Parts 
and Bonding Rubber to Metal. 


We also produce... Bushings, Rings, 
Gaskets and Washers * Slab and Sheet 
Rubber * Rubber Tubing and Cord * 
Cylinder Spring Rubber * Rubber 
Bumpers in bulk. 


WILBOW Catalog 
PHONE: BISHOP 2-1640 


The WILLIAMS-BOWMAN RUBBER Co. 


1945 South 54th Avenue ° Cicero 50, Illinois (Chicago Suburb) 


Precision Molded and 
Beautifully Finished 
by SINKO 


Refrigerator 


LIGHT SHIELD 


This is but one of many components mass-produced for one of the 
better known makers of Electric Refrigerators. It represents the ultimate 
in Injection Molding perfection . . . by an exclusive process that includes 


multi-colored Hot Stamping . . . all in one operation! 


If you are in need of a Plastic molded part or product, no matter how 
demanding the design is, be sure to call on us. 
We'll produce it to your complete satisfaction . . . and save you money 


in the process. 
Write TODAY for illustrated Brochure! 
WE MOLD ALL THERMOPLASTICS ... 


MANUFACTURING and T00L CO 


from 2 to 175 oz. 


Offices in Principal Cities Throughout the United States 
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DESIGN ABSTRACTS 


methyl methacrylate (MMA) other 
monomers are not used in any appre- 
ciable amount. 

“Methyl Acrylate As A Monomer in Glass Fiber 
Reinforced Polyester Laminates,” by Murray C. 


Sloane, Thiokol Chemical Corp. Published in 
SPE Journal, October 1960, p 1123. 


Wet strength of polyester resins 

This article evaluates the wet- 
strength retention of glass-reinforced 
polyester laminates. Of particular 
significance is the indication that the 
acid-number of polyester resins is a 
quick way of judging long-term dura- 


bility in water immersion. 


“Long-Term Wet Strength of Polyester Resins,” 
by C. E. Loetel and H. E. Fordyce, The Mar- 
ley Co. Published in SPE Journal, October 
1960, p 1137. 


Classification of vinyl resins 


Described is a practical method for 


determining processing behavior of 
polyvinylchloride, polyvinylacetate and 
polyvinylchloride-acetate copolymers. 
“Improved Classification of Vinyl Resins,” by 
Robert Braddicks, Jr. and Thomas Van Deren, 
Kentile, Inc. Published in SPE Journal, October 
1960, p 1144. 


High-temperature corrosion 


The paper is concerned with the 
corrosion phenomena likely to influ- 
ence the selection of materials for re- 
finery service at elevated temperatures. 

The problems of oxidation, sulfida- 
tion and carburization are discussed in 
detail and consideration is given to the 
effects corrosion and 
residual oil The con- 
tributions of various alloying elements 
is the common engineering alloys to 
their physical and mechanical be- 
havior as well as to their corrosion re- 
sistance at elevated temperatures are 
discussed. Basic considerations for 
the selection of suitable alloys to with- 
stand high temperature corrosive en- 
vironments are outlined. 


of condensate 
ash corrosion. 


“High Temperature Corrosion in Refinery and 
Petrochemical Service,” by E. N. Skinner, J. F. 
Mason and J. J. Moran. Published in Corrosion, 
December 1960, p 85. 


continued on page 155 
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PLASTISOL HEADQUARTERS 


3 reasons why... 


¢ ; | — World’s largest and most modern facil- 
: “ ities for production of polyvinyl plastisols. 
Sie-cstis production gives you up to 15,000 lbs. in one batch; 
quality control guarantees stability from batch to batch. 


RES FARCH —A completely equipped research lab- 
oratory enables us to custom-formulate 
a plastisol to meet strict specifications; often we can recommend 


the right plastisol from among the hundreds of chem-o-sol 
formulations already developed. 
— More than a coating or molding 


4 ft M-0-S0 ; ; 
C compound, chem-o-sol is a new basic 


material for industry. Applied by dipping, casting, spreading, 
molding, wiping, spraying, or pressure forming, chem-o-sol has 
vastly broadened the ways in which plastisols may be used — to 
make a better product, to cut production time and costs. 

Send for free bulletin, to Dept. T, Chemical Products Corporation, 
East Providence 14, Rhode Island. 


Going Plastisols One Better... chem.-o-sol® 
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custom molders 


of Bama-s—. acne 
reinforced polyester 


Your product, in whole or in part, 
may be ideally suited for adap- 
tion to an incredibly strong, amaz- 
ingly lightweight, beautifully tex- 
tured Lewis one piece molding. 

Let our experienced plastic en- 
gineering staff study your product, 
whether it be in existence, or still 
in blueprint form. 


Vv LIGHTER THAN ALUMINUM 
Vv SOUND DEADENING 


Fiberglass reinforced plastics stimulate fresh, modern style appeal .. 
and are exciting new sales potentials to a wide variety of consumer 
and industrial products. And no wonder, for the outstanding physical 
characteristics of this basic new material, plus its many profitable pro- 
duction advantages, create great interest and impact everywhere. Di- 
mensional stability... chemical resistance... tolerance to temperature 
extremes... rust- -proof, rot-proof, corrosion- proof...and a limitless 
variety of lasting colors molded-in for life... all these benefits, and 
many more, are to be found with Lewis reinforced polyester moldings. 

More and more leading manufacturers are depending on Lewis for 
quality reinforced plastic moldings. Our trained engineers are ready 
to assist you in converting your product to this new material. 


GS B. LEWIS COMPANY 


Department PE Watertown, Wisconsin 
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DO YOU need a versatile engineering material A—Flameproofed felt rattieproofs fire extinguishers. 
B—Mildewproofed felt repels water while lubricating air conditioners. 


to repel water, stop rust, stop dust? Or a mate- C—Polyethylene-treated felt around car clutch arm stops dust, motor noise, odor. 
. . : . D—Polypropylene-treated felt around accelerator rod resists friction, acids, 
rial that is flameproof or mildewproof . . . resist- sikalies, organic solvents. 
ant to sound, odor, friction, acid, alkali, oil, heat E—Resin-coated felt around clutch arm resists oil and water, seals off driving 
4 ? ? ? ? compartment. 

cold or wear? Think of Western Felt. F—Wax-impregnated feit resists water—makes an extra-firm steering-column seal. 

G—Waterproofed felt bars water and dust from gear box. 
Western Felt can supply over 92 different H—Adhesive-coated felt quickly affixed, lubricates porcelain shoe on clothes dryer. 

J—Wax-impregnated felt repels water, prevents corrosion, seals junction box 


TREATED FELTS to meet your specifications on truck trailer. 
and give special protection long after other ee felt resists abrasion and wear—seals lint trap on clothes 


HY L—Teflon-coated, latex-impregnated felt around clothes dryer drum reduces 
materials break down. friction, motor load—withstands heat. Tensile strength extends dryer life. 


WESTERN | wat 
F | our free 
i sample 
if = brochure of 


Treated 


Dept. M, 4021-4139 Ogden Ave., Chicago 23. Branches in principal cities. —_ 4 | Felts, 
MANUFACTURERS AND CUTTERS OF WOOL FELTS AND SYNTHETIC RUBBER 
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Wasland Duran 

















On just about any product this built-in finish 
reduces manufacturing costs...boosts saleability 


SEND FOR SAMPLES TODAY 
Take the matter of costs. Since Masland Duran Clad is an integral 


finish, you can work with pre-finished parts. That means you can 
often do away with the need for baking and spraying. No new 
processing equipment needed, either. This colorful, handsomely Suber 6 iad Sh., Fatetapae 36, Me. 

designed vinyl! can be permanently laminated to metal . . . and Please send information and samples of Clad. 
cut, crimped, drilled or deep drawn without distortion or marring. 
As for saleability . . . there isn’t anything that excels color-bright, 
easy-to-clean Clad for attracting immediate and favorable atten- Company 
tion to your product. For samples, mail this coupon. 


The Masland Duraleather Co., Dept. PE-I, 


Name Title 








Street 





Industrial Products Division 


THE MASLAND DURALEATHER CO., Dept. PE-!I, Philadelphia 34, Pa. 


— 
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Familiar product... new use 


In the hands of experts, a well-known 
product has found a new use, brought 
about by today’s fast moving technology. 
A spacer with electrical insulating and 
special mechanical properties was 
required for this stud-mounted power 
transistor. CDF solved the problem with 
paper phenolic rolled tubing, a long- 
established grade. Fabrication of the 
spacer is accurate and low cost on 
automatic screw machines. 


Result: Reliability is assured through use of 
a time-tested and proven material, while 
costs are kept to the minimum. 


A few facts on the tubing: (1” x 14%") 
Dielectric strength, perp.,vpm. . . 
Min. density 

Water absorption, % 

Axial compression, psi... . 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ® A SUBSIDIARY OF THE -Afan4f COMPANY 
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tough 

temperature capability 
in ANY 

flexible material 


Now you can use any flexible material for tough 
temperature assignments — without losing any 
benefits of the original texture, design and pliabil- 
ity. The new Alumination process by Thermo- 
Chem impregnates textiles, paper, leather, plastic 
or fabric with aluminum — the material becomes 
temperature resistant from —60° to 2500°F. 
Alumination adds strength—is abrasion resistant, 
won’t crack or peel and is available in a wide range 
of colors. 

Look into this new process of combining 
flexible materials with low cost, big-muscled tem- 
perature barrier ability. Send a sample of any 
flexible material you’re using. We’ll send it back 
Aluminated — no charge—with full details. 
Thermo-Chem Corp., 2 Noeland Ave., Penndel, 
Penna. 


the new process of Alumination by 


THERMOn. CHEM 
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Send for this tolder on 


RUBBER 
and 
PLASTIC 


we cm duce noite bea of a 
© Mw specificaten: amd your produce 


SY THE HUNORED » | 


OR THE MIL!.1ON 


_ 





FREE! wo oBtiGaATIon 


e If it can be molded from solid 
rubber or extruded from flexible 
vinyl plastic, Republic Rubber can 
do the job. This folder shows how 
and why. Send for a copy today. 


_ REPUBLIC RUBBER DIVISION 


LEE RUBBER & TIRE CORPORATION, YOUNGSTOWN 1, OHIO 


INDUSTRIAL RUBBER PRODUCTS 


] Send illustrated folder described above. 
{-] Send quotation per attached sketch, drawing, 
blueprint, sample, ietter. 


NAME 
it 
COMPANY 


ADDRESS 
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Are You Making Full Use 
of RUBBER PRODUCTS 
like These? 


Then Find Out About Our Specialty— 
VOLUME PRODUCTION OF... 


Rubber Convoluted Boots, Accordion-type Seals, 
Boots and Sleeves for Machinery, Bellows, Tubing, 
Covers, Sacs, Grommets, Caps and Bulbs! 


Write Today 
for FREE Brochure 


which will show you how others have solved 
design and production problems with Dipped 
Rubber Parts — Complete with Pictures and Prints! 


22016 Gratiot Ave., Box 98, Deckerville, Mich. 


PLASTIC EXTRUSIONS 


CRANE engineers solve intricate design problems and 
cut costs on precision extrusions rigid or flexible 

in a wide range of thermoplastics CRANE in-plant 
material compounding and tooling save time and money 
Write for brochure showing how CRANE plastic extru 
sions custom-made or from stock dies have been 
serving production manufacturers for over sixteen years 


r~ 
CRANE PLASTICS, inc. 


2146 Fairwood Avenue, Columbus 7, Ohio 
Telephone 443-0581 (Area Code 614) 


Find out how CRANE can help solve YOUR 
problems. Send prints or specifications. 
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THE FIRST AND FINEST IN 

CONVERSION COATINGS FOR 

BRASS, ZINC, CADMIUM, 
COPPER, ALUMINUM 


The Chemical Corporation offers a com- 
plete line of uniform-controlled chromate 
conversion coatings that provide maxi- 
mum protection in one, low-cost, simple 
operation. Available for immediate de- 
livery as liquids or powders. 


CETL ALIS TT 
always specihy fustir-on 


FOR BRILLIANT CORROSION-RESISTANT FIN- 
ISHES . . . rivaling chrome for many appli- 
cations where cost is a factor. Long-last- 
ing, easily controlled application. 


FOR CLEAR, BRIGHT and IRIDESCENT COAT- 
INGS .. . gives striking, attractive appear- 
ance with complete corrosion-protection 

. even when humidity and handling are 
involved during processing. Also yellow 
iridescent and olive drab for concealed 
parts or as a paint bond. 


FOR DECORATIVE COLOR... on low-cost 
zinc. Brilliant golds, yellows, blues, 
greens, violets, reds, brass and copper 
hues. 


FOR ALUMINUM ... replacing costly ano- 
dizing where surface hardness is not of 
prime importance. Excellent finish for 
paint bonding. Save 25% or more with 
Luster-on complete package treatment: 
cleaners, de-oxidizer, sealer. 

FOR LASTING BRIGHTNESS . . . on both 


copper and brass without noxious fuming. 


FOR DIE-CASTINGS . . 
vides uniform finish, 
painting. 


. one quick dip pro- 
ideal as a hase for 


We'd like to show you what Luster-on can 
offer you! Send in sample part today for 
free processing. Data sheets on request. 
ANE SNe PERE Se L.A SORES Yo 
BLAKODIZE* . . . chemical black treatment 
for steel, provides lustrous, rich, black 
finish with good degree of penetration and 
rust resistance, 

*T.M. Reg. 


\ Ya 
The ) 


emical 


Corporation 


78 Waltham Avenve ¢ 


Springfield, Mass. 
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DESIGN ABSTRACTS 


Painting of welds 
As the 


comes into 


welding of stecl structures 


more and more promi 


act 


nence, so does the problem of g 
ting the best possible corrosion pro 
tection of those welds lrequenth 
the paint covering a welded arca will 
fail while the remainder of the paint 
is still in excellent condition. Be- 
cause of the importance of the prob 
lem and the dearth of practical in 
formation on the subject, a study of 
this problem was undertaken threc 
the Stecl Structures Paint 
ing Council: this 
of the 


subject. 


Vvear’rs igo by 
paper 1s a report 


research committee on_ the 


Painting of Welds,” by John D. Keane and 
Joseph Bigos, Organic Coating Section. Pub 
lished in Corrosion, December 1960, p 93 


rs 


Anodes for cathodic protection 


Development and use of impressed- 
current anodes for cathodic protection 
of underground structures is traced 
from carly beginning to present time. 
Data for calculating anode resistance 
to earth is presented. Recommenda 


tions are made for installing anodes 
conditions. Ad- 
vantages are given for deep ground 


high 


ireas. Use 


for various — soil 


resistivity. soil and in 
of lead alloy and 


anodes for 


beds in 
urban 
platinum underwater use 
is mentioned 

Impressed Current Anode for Cathodic Pro 


tection,” by Walter P. Noser, Senior Corrosion 


Enginer, Humble Pipe Line Co, Houston, Texas, 
published in Corrosion, December 1960, p 79 


Underground cathodic protection 


(An account is given of various meth 
ods used by a telephone company to 
minimize the corrosion of lead 
sheathed underground communication 
Controlled 
established into ail d-c 
drainage 


cables drainage connec 
tions were 
forced 


railwav substations, 


systems set up to overcome end effects 
ind use made of rectifiers, magnesium 
modes and magnesium ribbon to 
overcome anodic conditions. 

Utility structures were consistently 
insolated from each other. Insulation 
joints were used at building entrances, 
resistance bonds were avoided at pipe 


continued on page 15 


Replace costly machined or 
molded parts with formed 
RULON® Tape. 


Leading manufacturers across the 

country are Cutting design costs by 

stamping or post-forming parts from 

RULON (filled TFE) tape. With 

Dixon’s RULON Tape in thicknesses 
from .004” to .125”, 
you pay only for 
what you use. You 
use a minimum of 
material and 
reduce costs up to 
10 to 1. You take 
advantage of RL- 
LON’S plastic mem- 
ory, too, for tighter 
fits and better seals 
RULON Tape gives 
your product these 
performance-improv- 
ing qualities: (1) low 
friction, (2) high 
wear resistance, (3) 
low deformation 
under load, (4) wide 
temp. tolerance 

(—400°F to +500°F), (5) chemical 

inertness, (6) lube-free operation 

and (7) zero water absorption 

Whether you need stamped or post 

formed parts for pumps, valves, 

compressors, bearings, meters, or 

what have you, it pays to rely on 

(1) Dixon's wide selection of basic 

shapes (in both RULON and Teflon), 

(2) Dixon's knowledge of fluoro- 

carbon reinforcing agents, and (3) 

Dixon's facilities for fabricating parts 

to print 

See RULON designers 

guide book Bulletin 

#9572 in Sweet's Prod 

uct Design File, or send 

details for recommenda- 

tions. DIXON CORPO- 

RATION, 103 BURN- 

SIDE ST., BRISTOL, 

RHODE ISLAND. DuPont T.sA. 


DIXG 
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choose from 
Atlantic India's 


thousands of = all i 
tuber Patent sz2 

® KNOXVILLE, TENNESSEE PHONE 522-9621 
molds and dies 7 | CIRCLE 714 ON READER SERVICE CARD 


A 40 year accumulation of molds and dies 
are now on hand at Atlantic India, ready : 


eee ee | | |i Wee oun 
NEW READER SERVICE! 


THE DESIGN ENGINEERS’ 
PRODUCT CATALOG INDEX 


Here’s a new service that will give 
you details on over 1500 catalogs 
and bulletins now available from 
suppliers. Not a directory—but an 
index! All literature classified under 
product headings and alphabetically 
by companies. Tells you what's 
available; gives you sources of sup- 
ply: enables you to be sure literature 
you now have is up to date! Another 





PATENT’S CUSTOM P 
serves you better and more 


will mean extra saving 
and produced by j 





If it happens that your application calls 
for a unique rubber product we have years 
of “know-how” at your command. What 
ever your need, washers, gaskets, molded 
parts, extrusions, sheet or sponge rubber, 
Atlantic India is ready to serve you. 


SEND TODAY! : 
Catalog No. 52 
158 pgs. showing 
thousands of 
diagrams 


Atlantic India Rubber Wks., Ine.: 


Producers of the ee line of Rubber Products 
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great PRODUCT ENGINEERING ex- 
clusive. 


THIS NEW INDEX STARTS 
ON PAGE? 


eeceeeceee eooccr coecccecoococcceococces eeeeeeeeeeeeeseeoeeeeeeece 


573 West Polk St., Chicago 7, Illinois 


SSCSSSSSSSSSHSSSSHSSSESSHOCCHCHEEHHSHEEEEEEEEEEEEEE 











156 CIRCLE 156 ON READER SERVICE CARD PRODUCT ENGINEERING + SEPTEMBER 4, 1961 








DESIGN ABSTRACTS continued 


line crossings and insulators used in 
anchor guys. But the advantages of 
isolation will soon need reconsidera- 
tion in view of the growing tendency 
to interconnect telephone cable 
sheaths and power company multi- 
grounded neutral system. 

“Methods and Experience in Underground 
Cathodic Protection,” by Oliver Henderson, 
Foreign Wire Relations Engineer, The Ohio 
Bell Telephone Co, Cleveland. Published in 
Corrosion, January 1961, p 117. 


Extruding polystyrene foam 


Controlled-density polystyrene-foam 
extrusion is a process by which polys- 
tyrene containing a hydrocarbon foam- 
ing agent is fabricated into continu- 
ous cross sectional shapes of densities 
lower than solid polystyrene. Produc- 
tion of parts such as sheet, tubing, and 
rod are possible by this process. 
“Controlled Density Polystyrene Foam Extru- 


sion,” by F. H. Collin, The Dow Chemical Co, 
published in SPE Journal, July 1960, p 705. 


* 


Buty! rubber 


Butyl is a product of oil formed by 
reacting two refinery gases, isobuty- 
lene and isoprene, at about —90 deg 
C. It possesses many unique proper- 
ties not associated with either natural 
rubber or SBR. These are due in 
part to its closely packed molecular 
structure and low degree of unsatura- 
tion. 

Though a soft thermoplastic co- 
polymer prior to vulcanization, heat 
treatment will transform the material 
into a tough elastic substance. The 
degree of elasticity or toughness may 
be modified by the addition of suit- 
able fillers, such as carbon black and 
chalk, during processing. Unlike 
natural and neoprene rubbers, which 
can be vulcanized at room temper- 
ature by using vulcanizing agents, 
butyl responds to such treatment with 
difficulty due to its chemical inertness. 
Though this presents an apparent 
didability in processing, it nevertheless 
enhances the ultimate properties, mak- 
ing butyl at once resistant to aging, 
heat and chemical attack. 

“Butyl Rubber,” by T. H. H. Skeet. Published 
in Engineering Materials and Design, April 


1961, p 236. 
continued on page 158 
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Fi, for new products: 


Se 


Boe C3 


New designs need MFG! 


We prescribe a change in concept of 
material and design! Modern, beautiful 
fiber glass reinforced plastic can be 
molded to almost any design, produced 
in almost any color, by MFG. 


To make your new product strong, light- 
weight, attractive, corrosion- resistant, 
rustproof, economical, mold your plans 
around MOLDED FIBER GLASS. The se- 
cret is in pressure molding in matched 
metal dies. 


Tell us your problem; we'll help solve it 
with fiber glass reinforced plastic pro- 
duced in matched metal dies. Call upon 
the experience and know-how of pioneers 
and specialists: Molded Fiber Glass. 


Ask for free descriptive /iterature. : \\ 











MOLDED FIBER GLASS COMPANIES 


4623 Benefit Avenue, Ashtabula, Ohio 


: f = ¥ For resistance to cold flow under static 
DELRIWN Mor dynamic loads; low moisture absorp 
ae, tion; excetlent demensional stability 


For maximum impact strength, good 


' LE X AWN’ heat and oxidation resistance, good 
{ creep recovery 


ca 


Best bearing characteristics and high 


ZYTEL 101 ° est meiting point among the nylons; 


excellent machinability. 


pi Electrical-grade nylon. Half the mois- 
y dy ie 8 BE ture absorption, less rigidity, better di- 


mensional stability. 


in ROD and SLAB 


RELIABLE 
FAST DELIVERY 
FROM STOCK 


Write for literature and the 
name of your nearest Hyde distributor 


A. L. HYDE Co. 


Eetadiienes 1932 
Dept. PE-9 Grenioch, New Jersey 
Distributors from coast to coast 


Member of Plastic Pioneers 
"Ow Pont Trademark Reg T™G.E. Co 


™, 
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The Right 
Rubber Part 


TO FIT YOUR PRODUCT 
eee nines 





Must be: 1. Custom made. 2. The product of a 
carefully designed die or mold. 3. Developed from 
properly compounded rubber stocks. 4. Backed 
by ability and experience gained through a 

wide variety of industrial applications. 

Western serves such diverse industries as commu- 
nications, electronics, transportation, farming, 
plumbing, heating, chemistry and pharmaceuticals. 

Why not let Western’s proven success in these and 
allied fields help to produce the rubber part you need. 


Write or phone for 
information, literature 
or a visit by our sales 
engineer in your area. 


SINCE 


WESTERN RUBBER CO. 


GOSHEN 8, INDIANA 


MOLDED AND LATHE-CUT RUBBER PARTS FOR ALL INDUSTRIES 
CIRCLE 715 ON READER SERVICE CARD 


IN THIS ISSUE— 
A NEW 
READER SERVICE 


A new, easy way for you to 








get suppliers’ catalogs and bul- 
letins—more than 1500 of them 
CUSTOM MOLDERS OF —indexed by product and al- 

FIBERGLASS phabetically by company name. 


REINFORCED PLASTICS An exclusive PRODUCT ENGI- 


Complete facilities for molding, NEERING service. 
finishing, assembling and pack- 


aging, glass fiber reinforced THE DESIGN ENGINEERS’ 


plastic products . . . Service, PRODUCT CATALOG INDEX 
quality, delivery guaranteed. 


Polyesters © Epoxies ©@ Phenolics T H | S N EW | N D E 4 


Silicones « Any shape preform 
@ Pre-tnix combinations STARTS ON PAGE 


STRUCTURLITE' 
PLASTICS CORPORATION 599 














329 Newark Road + Hebron, Ohio 
ae 








DESIGN ABSTRACTS continued 


Residual molding-stresses 


In molding termoseting materials, 
normal design criteria and specifica- 
tions are intensified whenever metallic 
inserts are included in the part. Over 
the years selection of these criteria 
and specifications has become com- 
monplace, and a core of empirical 
knowledge is now available to experi- 
enced molders and designers. 

Frequently, however, some design 
or material precautions taken by mold- 
ers to avoid cracking are either super- 
fluous or meet with little success. In 
the latter case, post baking or anneal- 
ing of the parts is frequently per- 
formed. Reliable evaluation of such 
a procedure insures that sufficient re- 
duction of residual stresses has been 
obtained to prevent excessive cracking 
in usage. 

“Determination of The Effect of Annealing on 


Residual Molding-Stresses,” by L. B. Allen, In- 
ternational Business Machines Corp, published 


| in SPE Journal, July 1960, p 713. 


Plastisol gelation 


For many pplastisol applications, 
changes in viscosity during the fusion 
cycle are an extremely important con- 
sideration. In rotational molding, hot 
dip coating, slush molding or vinyl 
foam applications, changes in the 
formulation to obtain desirable physi- 
cal or economic properties can alter 
the temperature-viscosity character- 
istics of a plastisol to such a degree 
that the resultant vinyl article has 
imperfections which make it of little 
or no commercial value. If a poten- 
tial plastisol user can be assured that 
a new formulation will perform in 
essentially the same manner as his 
current material, not only is the time 
and effort required for evaluation of a 
new material reduced to a minimum 
but also changes in machine condi- 
tions and production cycles are 
obviated. 

This article describes a new instru- 
ment that simulates production condi- 
tions in determining gel rates of plas- 
tisols, and allows development of 
plastisols with predesigned perform- 
ance characteristics. 

“Plastisol Gelation — A New Instrument and 
Formulating Technique,” by W. H. Bauer, 
Union Carbide Chemicals Co, SPE Journal, 65 


Prospect St, Stamford, Connecticut, February 
1961. 
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FABRICATION AND 
PRODUCTION 
PROCESSES 


ELECTRICAL MACHINING 
METALLIZING SYMBOLS 


GATE SIZES IN ALUMINUM DIE-CASTING 
by John Lapin and Richard Stumph 


IMPREGNATING MATERIALS AND TECHNIQUES 
by George J Caudron 


RADIOISOTOPES AS PRODUCTION TOOLS 
by Paul C Aebersold 


THESE COATING METHODS FOR THERMOPLASTIC DECORATING 


DESIGN ABSTRACTS 


TRENDS: 


@ The coming year will see still more refinements in short-run production proc- 
esses; better control will give parts with better dimensional tolerances and surface 
finish. Development of new an] unusual materials will indirectly stimulate some 
of these refinements because most of the new materials are difficult to form and 
will first be fabricated by some short-run process. Recent developments in this 
field include: Electrochemical milling—unlike chemical milling, metal removal 
here is controlled by amount of current passed through the part rather than time 
in the etching bath; high-energy-rate forming, which has progressed from explo- 
sives to more controllable electric discharge and magnetic force. 

Development in long-run processes will be as intense, but perhaps less publicized 
because of resistance to “automation” (these advances further reduce material 
and labor costs). Such recent trends as increased use of chipless machining 
(moving the metal instead of removing it) and use of self-checking controls 
to eliminate machine error will require new design approaches. Also, don’t over- 
look the continuing emphasis on automatic manufacture, assembly and test that 
places more importance on material specifications, detail design and tolerances. ®& 
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From: Technical Memorandum 


REVIEWED: 


ELECTRICAL MACHINING METHODS 


A rundown on how spark discharge, electrolytic grinding and milling, and 
are discharge can help solve problems with conventional methods 
when machining hard, tough, fragile or heat-sensitive metals. 





FIVE CASE HISTORIES 


1, The job of grinding hardfaced jet- 
engine blades was slow and uncertain 
by conventional methods. Substitution 
of the electrolytic method reduced re- 
jection rate, extended wheel life, and 
cut production time by 78%. Similar 
results have been achieved on carbide 
tool and gear grinding. 


2. A milling cutter used with a high- 
strength material needed resharpening 
after 20 minutes. Resharpening took 
60 minutes, exclusive of handling and 
paper work. Electrolytic grinding did 
the same resharpening job in 25 
minutes. 


3. Conventional machining required 11 
operations to make a hardened alloy- 
steel cylinder for an aircraft engine. 
Tool life was low and rejects ran over 
10%. Spark-discharge machining re- 
duced the job to a single operation. 
Time saved was 237 minutes per piece, 
amounting to over $50 per liner. Re- 
jection rate was reduced to zero. 


4. Electrolytic grinding reduced tool- 
grinding time by more than one-third 
and grinding-wheel replacement by 
90%. 

5. Spark-discharge machining of sup- 
eralloy blades for turbine rotors took 
only 31 minutes and gave a 125- 
microin. finish, easily improved to 80- 
microin. by vapor-blasting. 











A ar, tough, fragile and heat-sensitive metals are difficult 
to machine by conventional methods. For these ma- 
terials, however, electrical machining eliminates problems 
such as: checking and cracking during cold working, 


160 


warping, residual internal and surface stresses, grain 
growth, loss of desired mechanical properties, burring 
(which causes dimensional inaccuracies and adds cost for 
deburring), reduced cutter life, slow cutting speeds, costly 
cutter maintenance, grinding-wheel breakdown and reduc- 
tion in grinding rates. 

Here is how the three common electrical-machining 
methods work. 


Spark discharge 


Sparking occurs through dielectric fluid between tool 
and workpiece electrodes at a rate set between 20,000 and 
300,000 electrical discharges per second. Rapid removal 
of small metal particles erodes appreciable quantities of 
metal. From 1 to 400 volts across the gap between 
electrodes controls the servomechanism, which adjusts 
the few thousandths of an in. critical clearance. Two dif- 
ferent theories explain the erosion mechanism: 


1. As voltage increases, electrons concentrate on the 
surface of the tool. Because of the electrical conductivity 
of the material, a powerful electromagnetic field is created. 
The field puts the atoms of the workpiece (positive elec- 
trode) in tension. Electromagnetic force exceeds the 
forces holding the material together; metallic particles are 
torn from the work and are swept away by circulating 
dielectric fluid. 


2. Electrons traveling from tool to workpiece sufficiently 
agitate molecules on the surface of the workpiece to turn 
them into superheated vapor. Positively charged vapor- 
ized metal is attracted towards the tool, but is swept away 
by dielectric fluid. 


Electrolytic grinding and milling 


Electrolytic erosion is an accelerated simultaneous etch- 
ing and lapping operation. Either a rotating copper or 
brass wheel with abrasive grains imbedded in its surface, 
or an abrasive wheel impregnated with graphite filler to 
make it conduct current connects to a low-voltage, high- 
current source through the spindle. Electrolytic contact 
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SPARK DISCHARGE ELECTROLYTIC GRINDING AND ARC DISCHARGE 
MILLING 


=) Porticles Insuloting zi Coolant 
Tool } ae Abrasive 
oa borticles ft of 
ze ( 110-120 
| | voc 








J 
4 





| Work(-) ; al 
s ieee ie a * Work (+) | 


/nsulo tor/ 








220-v ac rectified to de charges capacitor which! Low-voltage, high-amperage dc is carried through} Tool contacts work, then is withdrawn to form arc. 
discharges from tool to work through dielectric. spindle. Electrolyte maintains electrical contact Local heating and coolant cause particles. to 
Values of C and R determine sparking rate. between disk and work. break away by thermal shock. 








Materials 





Any electrically conductive material. Greatest advantage gained with hard or tough materials. 





Operations 





Difficult shapes. Hard metals. Extract broken taps and drills. 

Fragile material. High-strength metals which burn. Rapid, rough cuts of honeycomb. 

Temperature-sensitive materials. 

Stainless steel honeycomb foil as thin as 0.001 in. 
may be ground. 





Cutting Rates 





Depends on work area, depth of penetration, elec-| 0.001 in. depth in 1 sec per in. of length. Fastest method for hard and tough materials. 
trode material, purity and type of dielectric fivid.| Width has no effect. For stainless steel or aluminum honeycomb, 12 to 
Five times as fast as conventional methods for tung-| Up to 50 times as fast as conventional grinding. 30 times faster than electrolytic grinding. 
sten, carbides, cobalt, high-speed tool steels. More than 0.03 cu in. per minute for metal car- 
bides. 





Tolerances 





Mult ple cavities and holes + 0.0005 in. Dissimilar metals, such as carbide and steel, ground] Rough-cut only. 
Great accuracy in edge definition for all configura- simultaneously to 0.002 in. 
tions. 





Surface Finishes 





10—20 microin. rms. Burr-free, 15 microin. or better. Use other methods to obtain good finish. 
Faster cutting rates give poorer finish. 











Tools 





Free-machining yellow brass. Copper, brass or graphite-filler-impregnated| Copper, molybdenum. 

Ratio of volume of tool erosion to volume of work- wheels. Little erosion. Conversion of ac to de cuts down tool erosion. 
piece material removed ranges from 1 when 
cutting steel to 3 for cemented carbides, 

Tools of 90 tungsten—10 silver alloy give 0.05 to} 
0.14 range for same metal. 

















is maintained between cathode wheel and anode work. 
Since most of the metal is removed electrically, tearing 
of the metal does not take place, prolonging the life of 
the wheel. Thermal effects are not produced in the work. 


Arc discharge 


Low-voltage, high-amperage dc or, less often, ac is 
used. The tool is brought into contact with the work, 
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then withdrawn to form an arc. In the presence of cool 
electrolyte the small arc area is heated. Thermal shock 
breaks away particles. 


REFERENCE: 

“Review of Electrical Machining Methods” by Max J. Trzeciak 
and Francis W. Boulger. Defense Metals Information Center, 
Memorandum 28, Battelle Memorial Institute, 505 King Avenue, 
Columbus 1, Ohio. 
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From: ASME bulletin 


METALLIZING SYMBOLS 


These drawing symbols are now the American Standard. 


REFERENCE: 
“Metallizing Symbols,” standard Y32.12, published by The 
American Society of Mechanical Engineers, 20 W 39th St, New 


York 18, 





Undercutting Surface Preparation 


Make an undercut 0.025 in. deep with square shoul- 


025 l ders. 





Make an undercut 0.030 in. deep with 20° dovetailed 
7 shoulders. A 20° angle is standard and need not be 
030 lettered, 





Make an undercut 0.025 in. deep with 30° dovetailed 
025 7 30 shoulders. Specify angle when it is nonstandard. 





Make an undercut 0.030 in. deep with 20° dovetailed 
307 2) shoulders; build up dovetail shoulders by welding be- 
- fore machining. 





30 \ 
Make an undercut 0.040 in. deep with 30° relieved 
0407 \ shoulders for fused metallized coating. 








Threading and Grooving 


Thread surface with 20 threads per in. 


——$—“/\/\h\f\(———- Rough thread surface with 18 threads per in. 


K-18 
. Cut a groove which is continuous like a screw thread. 
=> - 
. 3 | I+0.040 0.050 Wide Dimensions are standard for both a continuous groove 
oy and for series of annular grooves and need not be put 
t_ 0.025 Deep ope ogam on drawing. 
Sides approx. 


straight at top 


Continuously groove surface with 16 grooves per in. 
having standard dimensions. 


Cut a series of grooves with 0.015-in. lands between; 
roughen with a rotary roughening tool. A series of 
grooves is like a screw thread with no lead, hence NL. 


NL (.015) 


K 
| Cut a series of grooves with 0.015-in. lands between; 
roughen by knurling. 


NL (.015) 
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Blasting 


B Blastin Prepare surface by blasting. The M inside the tail dis- 
SY details J tinguishes metallizing symbols from welding and other 


Lo reference similar symbols. 











Bonding Apply a fine electric bond deposit. Other degrees of 
Ta EB(F) roughness are: M, medium, and C, coarse. 


<C SB Apply a metallic spray bond deposit. 











Metalizing Designator Supplimentary Symbols 


Metallize whole surface to which arrow points between 
abrupt changes in dimensions. 


_ Metallize the part in the field after it is in service. 


Machine the metallized surface flat by grinding. Other 
symbols are: M, machined; WB, wirebrushed, and B, 


"4 buffed. 





Thickness 





Apply metallized coating 0.030 in. thick. 





Build up dia. to 6.50 in. by metallizing. 








Examples 


Prepare surface by making an undercut 0.035 in. deep 
xc with 20° dovetailed shoulders, then rough thread with 
D 


G to 4.500 + .003D uM /e Type 420 18 threads per in. Build up dia. of whole undercut sur- 
‘035 L papa N52 


Stainless face to 4.525 in. with -in. dia., type 420 stainless steel 
R-18 dia. 





wire. Grind metallized surface to 4.500 + 0.003 in. 


Grit blast with Prepare a by making an undercut 0.040 in. deep 
= with 30° relieved shoulders, then grit-blast with 25- 
25-mesh — D+ .001 mesh angular steel grit. Build up dia. of whole under- 
steel grif. Preheat GI.500D=. cut surface to 1.510 in. with powder metallizing. Use 
to 600F. buildup 30 number 66 alloy after preheating part to 600 F. Fuse 
with no.66 alloy powder with oxyacetylene flame. Grind metallized 


powder. Fuse with surface to 1.500 + 0.001 in. dia. 


oxy-acetylene torch. 
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From: SDCE Paper 


GATE SIZES IN 
ALUMINUM DIE-CASTING DESIGN 


JOHN LAPIN, superintendent 
RICHARD V. STUMPH, senior engineer 


Die Casting Operations, 
Central Foundry Division, 
General Motors Corporation, 
Detroit 2, Mich. 


The size of a gate, its location, and 
the velocity of the metal jet for a 
given die casting can be established by 
the application of data and analyses 
published in the past several years. 
These published data, however, usu- 
ally deal with special castings or test 
panels and are, therefore, not readily 
applied by the practicing die caster. 
The conclusions presented here will 
aid both the design engineer and the 
manufacturing engineer. 

The authors have examined many 





SYMBOLS 


gate area, in.? 
plunger area, in.* 


length of casting from gate, 
in. 


wall thickness, in. 

= gate velocity, ft/sec. 

= plunger velocity, in./sec. 
casting weight, lb 


time to fill casting, sec. 











production castings for casting-quality 
limits and relationship of casting 
quality to the gate and its associated 
variable elements. Since the range 
of castings examined was limited and 
since the casting conditions used were 
those of one producer, the die caster 
should apply the findings only after a 
careful check of the curves as they 
apply to his own casting conditions 
and range of castings. 

In examining production die cast- 
ings, it was found that certain rela- 
tions appeared to be so prominent 
that a conclusion should be expressed 
regarding them. 

1. Wall thickness vs. casting filling 
time. 

2. Casting weight vs. gate area 

3. The length of the casting (dis- 
tance of gate to farthest extremity) vs. 
the gate velocity. 

The area of greatest divergence 
from published conclusions appeared 
in the gate velocity. In many castings 
examined, the gate velocities were sub- 
stantially in the range recommended, 
but in some cases, were much lower. 
The quality and soundness of the cast- 
ings examined were assumed to be 
commercially satisfactory, since all 
were commercial production castings, 
and all gating revisions had been com- 
pleted. 

A relationship was found to exist 


between the gate velocity and the 
length the metal jet stream must 
travel from the gate to the farthest 
extremity of the casting. This rela- 
tion appears to be critical in determin- 
ing what length of casting may be 
filled with a given jet velocity with- 
out danger of cold shuts. 

The intuitive gating method fails 
most often in establishing casting 
filling time. This time interval is 
neither a constant nor does it vary 
directly with the casting weight. The 
critical variable is the casting wall 
thickness. 

Fig. 1 shows the relationship be- 
tween casting filling time and wall 
thickness. The casting filling time 
varies approximately as the square of 
the wall thickness. Deviation of indi- 
vidual production castings from the 
curve was approximately 20%; how- 
ever, the square relationship was sup- 
ported remarkably well over the wide 
range of castings studied. 

The gate area required to fill a cast- 
ing of a given weight is shown by the 
curve in Fig. 2. Gate area was found 
to be a straight line function of the 
casting weight. A gate area of 0.390 
in.* was required for a 10-Ib. casting. 
From this, the empirical relation be- 
tween the gate area and the casting 
weight can be expressed as: 


text continued, overleaf 
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|.Filling time vs wall thickness 
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3.Gate velocity vs casting length 
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0.34 W : 

10 + 0.05 
0.034 W + 0.05 

It is necessary to exceed even the 
0.05 in.* of gate area per 100 in.’ of 
injected metal on certain casting de- 
signs. Whenever the casting design 
requires the impingement of the in- 
coming metal jet stream directly upon 
a core, it necessary to establish 
larger gate areas to reduce the jet 
velocity, while maintaining a constant 
displacement rate. Castings of this 
nature are considerably more difficult 
to bring up to desired production 
quality levels owing to the lower jet 
velocities. 

The above two relationships; wall 
thickness vs. casting filling time and 
casting weight vs. gate area, can be 
used to determine two of the essen- 
tial variables in a gating system for a 
given casting. 

Metal jet velocities at the gate can 
be obtained from: 


is 
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10 
ngth of casting, in 


8 
Le 


y, - 10W 
°° Bis 


= 0.833 6 Ae 


The plunger speed of the die-cast- 

ing machine is given by: 
V »A,g = VpAp 
y, = Vode 

A> 

Instruments are available for de- 
termining the total time required for 
the injection stroke, from which the 
plunger velocity may be calculated. 
Also, instruments have been devel- 
oped for determining the instantane- 
ous velocity of the plunger. Other 
common methods that may be used 
to arrive at the plunger velocity in- 
clude high-speed photography and the 
stop watch for slow speeds. 

Another casting constant is the 
casting length, or the distance the 
injected metal must travel without 
freezing and forming a cold shut. Fig. 
3 shows the relationship between gate 


velocity and the maximum distance 
from the gate to the extremity of the 
casting that must be filled, for a given 
wall thickness. 

Le 
T.2 X 0.55 X 12 


V,= 


V,= 


The application of the curve in Fig. 
3, can be used as a final check point in 
the developmental stages of a cast- 
ing gating system to determine the 
minimum critical gate velocity for a 
given length of casting and the correct 
placement of the gate. 


REFERENCE: 

“Some Relationships Between Aluminum 
Die Casting Design and Gating Variables” 
by John Lapin and Richard V. Stumph, 
Central Foundry Division, General Motors 
Corporation, Detroit 2, Mich. Paper pre- 
sented at Society of Die Casting Engineers, 
First National Die Casting Exposition and 
Congress, Detroit, Mich, Nov 1960. Paper 
No. 2. 
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IMPREGNATION: 
MATERIALS AND TECHNIQUES 


Impregnation of metals gives added value to 


the material and can help 


designers give their products a boost in quality. Here are some helpful facts. 


GEORGE J CAUDRON, Vice-president 


American Metaseal Corp, Detroit 


The impregnation of metals is today 
developing a major role as one of in- 
dustry’s processing techniques. To 
those now using impregnation, or 
contemplating its use, this brief re- 
view will help obtain the best results. 

Impregnation was once the poor 
relative in the processing cycle— 
thought of only as a salvage proc- 
ess—an unnecessary expense to be 
avoided except when other methods 
failed. 

The fact that impregnation is now 
considered in the original design of 
pressuretight parts, or parts to be 
plated, enables impregnating equip- 
ment and processes to be dovetailed 
in a continuous production line. 

It is the process of infiltrating the 
open pores of a material, using a suit- 
able vehicle. In current practice, this 
vehicle is often a filled sodium silicate 
impregnant, or a 100% solids poly- 
ester resin. 

The success of the process depends 
upon two factors: infiltration of the 
pore and retention of material in the 
pore by capillary action. 


Retention of the impregnant 


The ability of the impregnant to 
stay in the pore is created by the 
fact that surface tension (i.e. capillary 
action) within the pore is greater 
than scrubbing action at the pore en- 
trance or surface of the material. This 
scrubbing action is caused by later 
processing, such as washing. 

If the scrubbing action exceeds 
pore capillary action, it is obvious 
that the impregnant will partially 
wash out. 

Partial impregnant-removal can oc- 
cur when dealing with large voids or 
macro-porosity. This may occur dur- 
ing the wash cycles, but cannot be 
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considered a total loss, because the 
first impregnation reduced a macro- 
pore to a micro-pore. A second im- 
pregnation cycle will usually seal up 
the pore. Often, this very condition 
exists at the start of a new casting 
program where die flow, gating, tem- 
perature, alloy specifications, etc, are 
not fully worked out. The two im- 
pregnating cycles are then considered 
vital to the early success of the new 
run, with the second cycle being 
dropped after process refinement. 

Getting the impregnant to infil- 
trate the pore has produced several 
impregnation methods. Many years 
ago, this was done in a high-pressure 
vessel. The parts were placed in the 
vessel, then heated impregnant was 
pumped in to cover the parts. Hy- 
draulic pressures were next applied, 
and it was believed that these pres- 
sures—up to 500-700 pounds—forced 
the impregnant into the pores and 
rendered the part pressure-tight. 

This procedure was not entirely 
successful, because quick application 
of external pressures built up equal 
and opposing internal pressures within 
the pores. The air in the pores would 
be compressed to a small bubble 
under equal pressure to the external 
pressure. When external pressure was 
released, the air bubble returned to 
atmospheric pressure, and pushed out 
up to 95% of the impregnant. 

Two impregnation methods are 
now used and widely accepted by in- 
dustry: 


e Internal pressure—using a jig and 
fixture transfer machine. 


e Vacuum and pressure—using im- 
mersion equipment. 


The internal-pressure method is 


often employed after semimachining 
operations. ‘The part is transferred 
onto a fixture and all inlets and out- 
lets are closed with clamps, air cyl- 
inders, etc. The heated impregnat- 
ing material is then flushed through 
the casting for a prescribed amount 
of time, allowing the casting to heat 
up. Then impregnant pressure is 
built up by stopping up the outlet. 
This pressure also is held for a suit- 
able time, forcing the impregnant 
into the pores of the body 
within the cavity. After the impreg- 
nating cycle is complete, the im- 
pregnant is flushed back to a reservoir 
and water is flushed through the part 
to remove about 90% of the excess 
impregnant inside the cavity. The 
casting is then transferred to a spe- 
cially built washing machine and 
cleaned with a spray washer. Until 
recently, this method was widely em- 
ployed, not necessarily because of the 
desired results, but because of the 
relatively short time in which the 
parts could be processed. 

Castings are put in a pressure ves- 
sel, and within approximately 15 to 
25 minutes a great number can be 
completely sealed through a vacuum 
cycle, a pressure cycle, a wash cycle 
and even, if necessary, a curing cycle. 
The fact that one can simultaneously 
impregnate assorted sizes of castings 
within this autoclave also gives the 
process further advantage. It elimi- 
nates the need for a fixture for each 
different part, as required with the 
internal-pressure method. The equip- 
ment-cost factor is about half that 
of an internal pressure method. 


TYPES OF MATERIALS 


from 


‘Today’s commonly used impreg- 
nating materials are sodium silicates 
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mixed with various fillers, and poly- 
ester resins. 

Considering silicates first, it is 
worth noting that there has been a 
definite trend away from unfilled 
sodium silicates and to the use of 
filled silicate materials. The unfilled 
raw sodium silicate material was com- 
monly used years ago for impregnat- 
ing castings. But, because of the 
amount of shrinkage that takes place 
with this type of material, a formu- 
lated silicate material containing var- 
ious fillers is now largely used by 
industry. 

The formulated scedium silicate 
material definitely gives a higher seal- 
ing rate than the unfilled sodium 
silicate. There are two schools of 
thought as to the reasons for this. 
The first, and generally accepted by 
those who have not carefully re- 
searched the matter, is that the var- 
ious oxides in the impregnant enter 
into the pores of the metal and oxi- 
dize, theoretically causing expansion. 
This expansion supposedly blocks the 
pores and renders pressuretight cast- 
ings. However, at Metaseal this was 
believed highly improbable and chem- 
ically unsound. Based upon exten- 
sive studies, we now have the cer- 
tainty that the major job of the 
various oxides and fillers is to fill the 
pores only, thus cutting the shrink- 
age of the sodium silicate vehicle con- 
siderably. We feel that the loss of 
shrinkage is the factor that obtains 
the better sealing results. The formu- 
lators of these materials have spent 
a great deal of time and effort select- 
ing the various kinds of oxides, and, 
most important, the various mesh 
sizes that should be used. It is im- 
portant in the formulation of these 
materials to get a broad range of 
mesh sizes and types of materials for 
the varying degrees of porosity that 
occur in the casting industry. 

The formulated, sodium silicate- 
based materials are used basically on 
high-production diecastings or per- 
manent-mold castings where a pres- 
suretight casting is the prime pur- 
pose of impregnating. 


Plastic based materials 


The plastic-based materials received 
their start actually by the use of tung 
oil many years ago. But, due to re- 
cent plastics developments, impreg- 
nators now usually use a polyester 
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resin which is 100% solids. The 
difference between a solvent type and 
a 100% solids type of resin is this: 
the solvent-type resins, during heat- 
ing (curing) of the material, vaporize 
and escape from the pores of the 
casting, leaving behind only a 40 or 
50% solids block in the pore. The 
100% solids type of resins copoly- 
merizes, that is, molecularly solidifies 
and bonds; therefore, no volatiles 
escape. Consequently there is no 
loss of material within the pore of 
the casting. 


Polyester resin 


One of the biggest and yet un- 
tapped, potentials for polyester resin 
impregnation is the powdered-metal 
field—making powdered-metal parts 
pressuretight, or filling voids in these 
parts so that they may be plated. 
There is no substitute for this mate- 
tial in this application: even formu- 
lated silicates will not make the 
powdered-metal parts pressuretight 
because of the large volume of pores 
present—usually 20-30% by volume. 

The plastic, being chemically inert 
after curing, also lends itself to a new 
application in powder metallurgy. 
After the part is manufactured, it can 
be impregnated with the resin and 
plated successfully. Until recently 
this could not be done; in the plating 
process, the salts would enter into 
the pores of unimpregnated parts and 
within hours or days, galvanic action 
would begin to take place. This 
would eventually destroy the plate 
and also destroy the soundness of the 
powdered-metal part through internal 
corrosion. 

Now, with the special method of 
impregnating powdered metal, the 
part is free of any excess residue of 
plastic on the surface and can be 
immediately put into the plating 
baths without any special cleaning 
after cure. Powdered-metal parts, 
usually being small in nature com- 
pared to diecasting, etc., can be proc- 
essed very feasibly in vacuum and 
pressure batch-immersion equipment, 
using the polyester resin. Depending 
on size of equipment and parts, one 
can impregnate as much as 100,000 
parts in one cycle. 

Exudation of the plastic from the 
pores can be completely eliminated 
by using a properly formulated heat- 
transfer liquid known as Metacure. 


Using this method of curing rather 
than an oven insures absolute cleanli- 
ness. In fact, powdered-metal parts— 
which exude quite a lot because of 
the great amount of volume that is 
filled with the impregnant—can be 
put directly into the plating process 
after curing without any contaminat- 
ing of the plating solution and with- 
out fear of rejects because of the 
quality of the plate. 


Heat-treating 


In the heat-treating process, the 
powdered-metal parts must be 
quenched in oil to obtain the desired 
physical properties. Doing this would 
normally contaminate the pore of the 
parts so as to make it impossible to 
impregnate properly. ‘Therefore, im- 
pregnate the sintered part prior to 
heat treating, even though this will 
completely change the physical and 
chemical characteristics of the poly- 
ester resin by the use of a burning- 
out process prior to heat-treating. 

This burning-out process does two 
things: 

e It changes the polyester resin to 
a carbonaceous residue. 

e It eliminates a gassing problem 
in the heat treating cycle. 

The carbonaceous residue left in 
the pore acts as a block so that when 
the parts are quenched in oil there 
is no infiltration of oil in the pore. 
The part is then degreased and plated. 
Again, this carbonaceous residue 
comes to the rescue by completely 
blocking out the plating salts. Con- 
sequently, there will be no galvanic 
reaction taking place on the plated 
part. 


What's best 


Of the available techniques, the 
vacuum-pressure technique has now 
been proved conclusively to deliver 
the greatest infiltration. And, for 
retention of impregnants, filled so- 
dium silicates and polyester resins 
have found complete acceptance in 
their various applications. 


REFERENCE: 

“Advance in Impregnation Materials and 
Techniques,” George J. Caudron, vice- 
president, American Metaseal Corp. SDCE 
Paper No 20, presented at Ist SDCE Con- 
gress, Nov °60. Society of Die Casting 
Engineers Inc, 19832 James Couzins High- 
way, Detroit 35. 
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RADIOISOTOPES 
AS 
PRODUCTION TOOLS 


This survey, by showing some of the jobs 
that radioisotopes can do—density gaging, 
leak detection, static elimination and many 
others—should stimulate their lagging use. 


PAUL C AEBERSOLD 


Director, Office of Isotopes Development 
US Atomic Energy Commission 


A Ithough radioisotopes are the foremost peaceful, civilian 
use of atomic energy, industry has not exploited a fraction 
of their potential. Invention of uses for radioisotopes 
started in the 1920s, and in 1946 reactor-produced radio- 
isotopes becomes available. Yet, on March 1, 1961, only 
1801 companies in the whole country had industrial 
licenses for using radioisotopes. 

Why has industry been so slow? One reason is un- 
familiarity, which this article will try to dispel. Another 
is inertia. A third reason is the complexity of industry, 
with its hundreds of operations in which radioisotopes 
might be used. Finally, there is the limited supply of 
isotopicaily trained scientists, engineers and technicians 
upon whom industry can draw to expand the applications. 

Fear of radioactivity should not prevent use of radio- 
isotopes. Gage designs prevent exposure of operators to 
radioactivity, foil any tampering, and avoid scattering 
radioactivity, even in case of fire or explosion. As an 
extra precaution, development of kryptron 85 gas has pro- 
vided a biologically inert radiation source, which will dissi- 
pate harmlessly in the air if accidentally released. 

Radioisotopes are used three ways—as tracers, for meas- 
uring, and as sources of high-intensity radiation. 


Tracers 


Today’s instruments can detect the radiation of as 
little as a billionth to a trillionth of an ounce of radioiso- 
topes. Even though they radiate, radioisotopes behave 
exactly the same as stable isotopes of the same element, 
and can take their place in chemical processes. 

Wear tests take only a few hours instead of possibly 
months, because even minute quantities of radioisotopes 
are measurable. A neutron flux creates tracer isotopes 
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ISOTOPE GAGE controls thickness of sheet witneut ever touching 
it. Sampling and control is continuous and automatic. 


in the wearing surfaces. After a few hours of testing, 
the radiation level of the collected, worn-off material 
reveals wear rate. There is no need for a long period of 
testing to accumulate a weighable amount of material. 
Such tests have found better fuel and lubricants for auto- 
mobile engines, better cutting fluids for machine tools and 
better drill designs. 

Flowmarkers of radioisotopes make pipeline operation 
easier. One pipeline may contain as many as 20 batches 
of different products, each many miles long. At the 
pumping station a small amount of radioisotope is put 
in the line as each new product starts out. Hundreds of 
miles later the radioisotope will signal the switching sta- 
tion to divert the new batch to the right place. 

Flowrate can be found with the same markers by noting 
the times the radiation peak passes two points a known 
distance apart in a pipe of a known cross-sectional area. 
Another flowrate method uses only one point, where a 
radiation detector takes a total count of passing gamma 
rays. A comparison with the original definite quantity of 
radiotracer yields flowrate. This technique has measured 
flowrates for rivers, cooling water in condenser manifolds 
and chemical products moving through piping systems. 

Leaking gases or liquids carrying tracers form concen- 
trations of radiation, which instruments can find. In heat 
exchangers, traces will detect leakage from one liquid 
system to another. 

Tracers show up minute amounts of toxic gas such as 
ozone or sulfur dioxide. For chemical detection the gas 
sample would have to be a thousand or a million times 
larger. The gases themselves are not radioactive, but reac 
tion with a chemical containing a radioisotope labels some 
of the molecules. Radioactive krypton in the toxic gas is 
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especially safe, because it is inert chemically and biologi- 
cally and does not store up in the body. 

Analysis also makes use of radioisotopes in chemical 
combination. Radiation indicates the paths of an element 
through a reaction and into the endproducts, and will 
allow quantitative analysis at concentrations too small 
for other methods. 

A modification of tracer analysis, called isotope dilution, 
measures the amount of an element in a system. An 
injection of the element contains a certain ratio of stable 
to radioactive atoms. A later sample from the system will 
show a different ratio because of dilution by the unknown 
amount already in the system. The ratio change tells 
how much of the element was originally there. 


Measuring 


As gamma or beta rays pass through a material, their 
intensity drops, just as light dims when it passes through 
frosted glass. The way a material transmits or reflects 
radiation betrays facts about its thickness, density, atomic 
number and atomic structure. 

The newer gamma-ray sources—cobalt 60, cesium 137 
and iridium 192~are better than the earlier radium. They 
are more intense and compact, safer and less expensive, 
and emit rays with a more usable energy level. 

Radiography has grown rapidly because equipment pur- 
chasers, especially the government, insist on such high 
standards of quality. To get visual proof of quality, some 
shipyards take pictures by radiography of 7000 to 10,000 
welds in a naval or merchant marine ship. In addition to 
taking pictures more cheaply than X-ray machines or ra- 
dium, radioisotope equipment is compact, portable and 
has ranges of penetration suitable for huge castings to 
thin welds. 

Thickness gages using radioisotopes save many times 
their modest cost. Control by thickness gaging turns out 
a more uniform product, which does not have to be made 
extra thick to ensure meeting minimum specifications. 
By close control with thickness gages a rubber company 
saves on labor, raw material and scrap. Others use radio- 
isotopes to control thickness of plastic, paper, battery 
separators, aluminum, steel—almost anything in sheets. 
Variants of these devices, measuring ray reflection as well 
as penetration, check wall thickness of corroding pipes 
and tanks and control the level of corrosive liquids or 
molten metal. 

Density control with radioisotope gages is more recent. 
Such jobs include measurement and control of air content 
of foam rubber, fat content of food, and acid concentra- 
tion in chemical processing. Since the gage does not 
touch the materials, there is no corrosion problem. 

Nuclear mass-flow gages can measure material flowing in 
a pipe, dropping down a chute, or riding a conveyor belt 
or freight car—all this without touching the material. 
Future plants are expected to use radioisotope mass-flow 
gages to monitor materials flowing into the plant, out of 
the plant and between all manufacturing steps. 


Radiation affects materials 
Radiation in large amounts can physically change mate- 


rials by exciting or ionizing molecules. 
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Static electricity builds up on insulated materials such 
as paper, textiles and plastics during production. The 
charge attracts and holds dirt and lint, interferes with 
stacking and packaging, and if it sparks, may ignite dust or 
powder. To allow the static charge to leak away, static 
eliminators use radioisotopes to ionize the air along the 
moving material. 

Luminescent phosphors for lights-out emergency mark- 
ers now come in a wide range of colors. Radium and 
polonium activate the phosphors with alpha rays. Because 
the external radiation level is safer and lower, beta ray 
activation by krypton 85 or tritium is better. In addition, 
phosphors give a more constant light for a longer time, 
when they are activated by beta rays. 

Isotopic batteries are of two main types, one with a low 
power output and the other with a relatively high output. 
Although the first type only generates microwatts of 
power, it is almost immune to changes in surrounding 
pressure and temperature. Compact size and constant 
output suit them to transistorized circuits in missiles and 
satellites, small radios and hearing aids. 

Larger batteries with ratings of 5 to 100 watts use large 
quantities of radio isotopes as a heat source for a thermo- 
pile, which converts heat into electricity. Extreme insolu- 
bility makes strontium titanate a safe heat source and a 
means of storing hazardous strontium 90. 

Irradiation of plastics can cross-link neighboring mole- 
cules in polymers to make a more rigid, 3-dimensional 
structure. Strength, heat resistance, and other properties 
are better than the original. Irradiated plastics will often 
better resist high temperatures and chemicals, such as 
detergents, oils, acids and alcohols. 

Irradiating monomers forms such polymers as polyethy- 
lene, methyl methacrylate and others. Chemically formed 
polymers of the same types have different properties. One 
reason for this is that the catalysts, which promote the 
chemical reaction, add impurities. 

Another way to change polymes properties is to attach 
a layer of monomer to a polymer by graft copolymeriza- 
tion. Resulting improvements can be increased flame 
resistance, increased water repellance or the opposite, 
added wettability and others. In internal grafting the 
monomer attaches itself to the polymer chains throughout 
the polymer, not just at the surfaces. This produces still 
other change—modified resistance to solvents, or increased 
temperature stability. 

Current research programs aim at polymerizing fibers 
or cloth impregnated with monomers. Hoped-for results 
are better crease recovery or cheaper dyeing. 

Sterilization of hospitals and pharmaceutical supplies 
by gamma radiation eliminates the need for ultrasterile 
handling. Heat-sensitive products and packed containers 
can now be sterilized this way. For instance, heat robs 
catgut of some elasticity; radiation doesn’t. 


REFERENCE: 


“Industrial Applications of Radioisotopes” by Paul C. Aebersold, 
director, Office of Radioisotope Development, US Atomic Energy 
Commission, Washington, DC. Paper presented at ASME 
Winter Annual Meeting, Nov, ’60. Paper No. 60-WA-207. 
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THESE COATING METHODS 
WHEN DECORATING THERMOPLASTICS 


When specifying pigmented or other similar finishes for plastics, here are 
some important facts about methods and possible trouble spots in: spray coat- 
ings, silk screening, roller coatings, painting, vacuum-metallizing, flow coat- 


ings and dipping. 


JOHN SCHARNBERG, research and development 


T E HAYDEN, product manager 


Bee Chemical Company 
Lansing, Ill. 


There are various methods used to 
decorate plastics—each with inherent 
characteristics that dictate its use. 
Most injection-molded thermoplastics 
are decorated with air-dry lacquers; 
their properties can directly affect the 
sequence of operation of multimethod 
decorating. 

Lacquers, particularly desirable for 
thermoplastic surfaces because their 
films harden without baking, are resin- 
ous materials which dry solely and 
very rapidly through solvent evapora- 
tion. Because they undergo no chem- 
ical change, they can be redissolved 
quite readily in their own solvents. 
Problems with subsequent decorating 
may arise because of this trait of lac- 
quer films. A basic understanding of 
the makeup of lacquers can help those 
who wish to make slight coating ad- 
justments to overcome a shop prob- 
lem, or to those wishing to design a 
part with ease of decoration in mind. 

The resin system, including plasti- 
cizers and pigments, is that portion 
of a paint which remains upon the 
part after the solvent has evaporated. 
A specific paint may be composed of 
more than one resin. The base resin 
is generally one that affords the unique 
or primary film properties; the remain- 
ing resins are added to obtain addi- 
tional physical properties such as 
grease and humidity resistance, or ad- 
hesion of vacuum-deposited alumi- 
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num. At least one resin must be a 
film-former; and often lower molecu- 
lar-weight, resins that don’t form films 
are used as additives. 

Lacquer films are thermoplastic in 
nature and can be made from numer- 
ous resins including nitrocellulose, 
cellulose esters, cellulose ethers, poly- 
acrylates and polyvinyls, with hun- 
dreds of other film modifiers possible 
for special properties. 

The solvent system is designed 
specifically for the method of paint 
application, but all solvent systems 
have several characteristics in com- 
mon. The blend must be a solvent 
for the resins and in particular the 
highest boiling (slowest drying) sol- 
vent must not only be a solvent for 
the resins to ensure that the dried 
paint film is continuous, but also must 
not attack the plastic. Diluents that 
will not dissolve the resins may be 
added to the paint. They must be 
no slower drying than the higher boil- 
ing constituent and should be added 
carefully—they could precipitate the 
resin from solution if too much were 
used, 

Normally a lacquer can be applied 
over itself with no visible harm during 
normal spray-, screen- or -oller-coating 
operations, although objectionable vis- 
ual damage can occur through use of 
a combination of methods where the 
solvent of the second coat detri- 


mentally affects a previously applied 
coat. To eliminate these problems a 
natural sequence of operations is gen- 
erally preferred. The methods table 
with this article shows what coating 
methods are compatible. The hori- 
zontal columns indicate the method 
by which a coating is first applied; 
vertical columns indicate the second 
method of decoration. It is assumed 
the second coating will be in contact 
with the first since this is normally 
how coatings are applied. 


TYPES OF COATING 


Spray coatings. This method is widely 
used to decorate all types and sizes of 
plastic parts. It is particularly adapted 
for painting large areas, uneven sur- 
faces, and for the application of mul- 
tiple colors with the use of spray 
masks. Spray-coating is quite eco- 
nomical and adaptable to a wide vari- 
ety of special paints often designed for 
ease of production as well as for the 
final physical properties of the dried 
paint film. 

Normally, paints are formulated not 
to attack plastic surfaces; however, a 
paint may etch a polystyrene molding 
if the styrene has been molded with 
a high amount of internal stress, es- 
pecially in the sprue area. An alcohol- 
type solvent, or a diluent recom- 
mended by the paint manufacturer, 
can be added to the paint to “cool 
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COMPATIBILITY OF COATING METHODS FOR THERMOPLASTICS 
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AND WIPE 
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Not 
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Caution 
Caution 


Not applicable 








down” the activity. In severe cases 
the amount of diluent required to 
prevent etch may give cause to unfore- 
seen problems of color variation or 
humidity blush. 

Chis color variation can be caused 
by a lean solvent system allowing pig- 
ment flocculation—the phenomenon 
of one or more pigments breaking out 
of dispersion and clumping together. 
If a yellow pigment begins to floccu- 
late, the resulting sprayed color will 
be yellow-shy and off-color. The floc- 
culation can be avoided by adding a 
better solvent, or broken through me- 
chanical work such as mixing. In 
borderline cases, the mechanical work 
imparted by spraying can disperse 
flocculated particles. 

The diluent, to effectively prevent 
etching of the plastic, must be com- 
parable in evaporation rate to the in- 
termediate- or high-boiling “problem” 
solvent. Care must be taken to pre- 
vent the concentration of diluent be- 
coming too great, or solvent blush 
may result. If the diluent-solvent mix- 
ture is too lean, the paint resin will 
precipitate from solution, causing 
blush manifestations of loss of gloss 
and adhesion. Humidity blush, caused 
by water condensing from the atmos- 
phere as solvents evaporate, is also pos- 
sible if the water-diluent-solvent mix- 
ture is too lean to keep the resin in 
solution until dried. 

There is considerable freedom of 
selection in the solvent system of 
spray paints as compared to screen, 
dip or roller coatings; hence, for all 
but extreme cases, special problem- 
solving paints are available. 

Spray coatings are one of the casiest 
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applied coatings and usually give no 
trouble, although metallics are per- 
haps the most difficult colors to spray. 
Abrupt change in color detected if the 
paint etches are plastic, because the 
metallic particles will align themselves 
differently over the etched area as 
compared with nonetched surfaces. In 
addition, care is needed to prevent 
flooding the paint—this flooding also 
radically affects color of metallic coat- 
ings. 

Spray and wipe. This is the method 
of decorating indented portions of a 
plastic molding when it is desired to 
eliminate the use of close-tolerance, 
electroformed spray masks. The coat- 
ing is sprayed into the indented areas, 
sometimes confined to the general sur- 
rounding area by a rough block mask, 
then is wiped away from the surround- 
ing surfaces leaving paint only in the 
depressions. Basically, two types of 
spray-and-wipe coatings are used; wet 
wipes and dry wipes. 

Wet wipes are normal air-dry spray 
paints which are removed from the 
plastic with a solvent intrinsically 
blended to remove the paint without 
damaging the plastic. Such coatings 
are for parts requiring excellent dura- 
bility, such as on first-surface applica- 
tions where adhesion and hardness 
are important. They are also often 
used for applying metallic colors. The 
removal of the coating calls for dis- 
solving the paint, therefore caution 
is needed if a spray and wipe is used 
as a second finishing operation over 
a previously applied coating. It is es- 
sential that the spray-and-wipe coat- 
ing does not in any manner attack 
the first coat; and of course it is man- 


datory that the solvent for removal 
of the spray and wipe does not effect 
the previously applied coating. There- 
fore, the base coat and the wiping 
paint must be of dissimilar resin con- 
struction. 

The development of dry-wipe coat- 
ings is an excellent illustration of coat- 
ings developed primarily for their 
value to the plastic decorator rather 
than for the benefit of the end user. 

Usually, dry-wipe coatings are 
sprayed upon the part in the same 
manner as wet-wipe materials; how- 
ever, after application they dry to a 
fine powder which can be removed 
with a dry cloth. Within an hour or 
so after application, dry-wipe coatings 
weld into a solid mass, closely resem- 
bling conventional lacquers, and have 
a fair degree of adhesion to the plas- 
tic or previously applied coating. Gen- 
erally, dry-wipes are fairly safe to use 
over previously applied spray-, screen- 
or roller-coating materials. Caution 
should be exercised when applying 
dry-wipes over hot-stamped or vac- 
uum-metallized coatings and metallic 
paints. 

Silk screening. Silk screening is used 
extensively for printing both flat and 
curved surfaces of molded plastic 
items. It is particularly adaptable for 
multicolor decorating, by successive 
screening impressions, using a series 
of different screens. It is more eco- 
nomical than spraying to obtain elab- 
orate designs, since fine-detail screens 
are cheaper than elaborate precision 
spray masks and there is no need for 
engraving the mold for paint breaks. 
Many different designs can be accom- 
plished economically by molding 
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“blanks” or flat panels and merely 
changing the screen design for model 
changes. Of course, screened designs 
do not have the three-dimensional 
depth effect obtainable with second- 
surface spray decorating. 

Silk-screen inks can be made in al- 
most any color including metallics; 
however, for very fine-detail work when 
fine-mesh screens are necessary, bril- 
liant metallic colors can prove trou- 
blesome because the coarser particles 
necessary for brilliant colors will not 
readily pass through the screen mesh. 
The results can be loss of detail and 
a high proportion of rejects. The 
problem can be avoided by compro- 
mising the color and reducing the 
metallic-particle size. 

Care is needed if spray coatings are 
to be used subsequent to screened 
metallic colors on the second surface. 
It is possible for slight color changes 
to occur, resulting from the spray 
solvents affecting the leafing of the 
screened color. This problem can 
often be avoided by allowing the 
screened film to completely dry before 
spraying, by spraying the paint “dry,” 
or by a solvent change in the spray 
coating. 


Roller coatings. Often a molded part 
has debossed or a raised area which 
must be coated. The two most com- 
mon methods for accomplishing this 
are hot-stamping or roller-coating. The 
choice is a matter of economics. Small 
parts to be run in large quantities are 
more economically hot-stamped. Large 
areas, such as the flange around a TV 
mask are more often roller-coated be- 
cause if they are hot-stamped a large 
amount of tape would be wasted. For 
best results, the raised areas should 
have smooth, flat surfaces, and all sur- 
faces to be roller-coated in one oper- 
ation should be in one plane or in a 
smooth arc. All edges and corners 
should be sharp for good detail. Lac- 
quers can be formulated to be applied 
by roller-coating. Generally, such lac- 
quers are similar to screening coatings 
but are applied at lower viscosity. 

The use of roller-coating strip-coats 
is becoming a common practice for 
eliminating costly electroformed spray 
masks. 

Flat parts with second-surface in- 
dented areas can be roller-coated with 
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a strip coat which masks all but the 
depressions. Subsequent spray-deco- 
rating or vacuum-metallizing can be 
done without electroformed spray 
masks or numerous masks used on the 
vacuum chamber. With some in- 
genuity, complicated decorating can 
be done without masks, when this 
principle is used with dry-wipe coat- 
ings or coatings which can be applied 
directly to both the base plastic and 
the vacuum-deposited aluminum. 
Precaution when painting hot stamp- 
ings. The industry has seen a large 
increase in the use of hot-stamping 
with both pigmented and bright (vac- 
uum-metallized) foils. It is sometimes 
desired to apply a top coat of clear 
mar-resistant paint over the hot- 
stamped tape to afford extra durability; 
in other cases, for second-surface appli- 
cations, the hot-stamp operation may 
be the logical first step, with spray 
or screen operations to follow. Pro- 
duction problems may result from 
paint solvents etching or crazing the 
foil. To locate the particular paint 
whose solvents will not attack the foil 
and yet are fast-drying, and have a 
resin system which will pass appliance 
or automotive specifications, is some- 
times exceedingly difficult. 

The problem is compounded be- 
cause of the vast array of foils avail- 
able. Therefore, special paints must 
often be used and care should be 
taken to ensure that a specific coating 
will continue to perform if a change of 
hot-stamp tape is made. Some tapes 
are virtually impossible to coat with- 
out detrimental effects which may 
come and go without apparent reason 
due to subtle changes in the foil, paint, 
or both. As a precaution it may be 
desirable to mold the part with paint 
breaks so that spray masks can be used 
to insulate the hot-stamped foil. 
These breaks (0.020 to 0.030 in.) in- 
dented or protruding can also serve 
to enhance the visual appeal of the 
molded part. 

Generally there is no problem hot- 
stamping over paint. Most plastic 
paints are thermoplastic themselves, 
so good adhesion of the foil is readily 
attained. 

Vacuum-metallizing coatings. These 
coatings can be applied by any of the 
common methods of decorating but, 


assuming the basic prerequisites of 
metallizing such as almost perfect 
flow-out, no trace of etch, and ad- 
hesion of the plated aluminum, metal- 
lizing paints are distinctly different 
from those used for normal decorating. 
It is considered mandatory that all 
coatings used immediately beneath or 
above the aluminum be specifically 
designed for vacuum-metallizing. 
Extreme caution is needed in all 
cases of subsequent decorating over a 
complete vacuum-metallized system 
(composed of a base coat, aluminum, 
and the top coat or backup coat). 
Second-surface work is especially criti- 
cal since any solvent attack upon the 
metallized system will immediately 
become apparent because the brilliant 
vacuum plate tends to highlight faults. 
Spray and wipe is not considered a 
good practice over vacuum-metallized 
coatings and caution is required when 
spraying, screening or roller-coating 
over these surfaces. The range of 
vacuum-metallizing coatings is too 
broad to discuss here, but special 
coatings will allow complete freedom 
of production methods. 
Flow-coating and dipping. Flow-coat- 
ing and dipping are methods fre- 
quently used for applying clear vac- 
uum-metallizing base coats. They are 
sometimes used for normal decorating 
of toys and novelties which require 
only one color; however, because of 
color limitations of parts prepared in 
this manner, their uses are restricted. 
Paints used in either method must 
be carefully formulated so that solvent 
etching or crazing of the plastic is 
precluded or is not visually noticeable. 
Because the entire plastic part may be 
coated, solvent which may cause swell- 
ing or softening of the plastic must 
be avoided. Should there be occasion 
to dip over a previously applied paint 
film, the two paints should be dis- 
similar so the dip color is not con- 
taminated by color dissolving from 
the part. 


REFERENCE: 

“Effect of Coating Properties upon Se- 
quence and Economy of Plastic Deco- 
rating,” by T. E. Hayden and John 
Scharnberg, Bee Chemical Co. Pre- 
sented at 17th Annual Technical Con- 
ference, Society of Plastics Engineers, 
65 Prospect St., Stamford, Conn. 
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INSERTS IN POLYETHYLENE 


Insert molding is the integral in- 
corporation of metal pieces in the 
molded part during the actual ma- 
chine production cycle of the injec- 
tion molding process. These inserts 
are, for the most part, functional 
rather than decorative. The most 
common are internally threaded in- 
serts molded into bosses on the back 
of a panel so that the panel may be 
assembled to another part by means of 
threaded metal bolts or screws. An- 
other category of application is en- 
countered where plastic must be 
molded around a supporting and rein- 
forcing structural piece such as steer- 
ing wheels, handles and miscellane- 
ous industrial parts. 

This paper describes insert molding 
with high density ethylene homopoly- 
mers of 0.96 density varying in melt 
index from 0.7 to 2.5, and copoly- 
mers of 9.95 density varying in melt 
index from 0.8 to 2.5. 

Lessons for the insert molder are: 
Higher melt-index materials can be 
molded with less strain, don’t go be- 
low 0.125 in. in wall thickness, elimi- 
nate or reduce the thickness of any 
knurling on inserts, aluminum and 
brass inserts are preferable to steel. 
“Insert Molding with High Density Polyethy- 
lene,” by W. L. Price and W. A. Hunter, Celan- 


ese Plastics Co, published in SPE Journal, July 
1960, p 697. 


Math in die design 


In considering the design of a die 
or mold for the die casting process 
it is important to recognize that there 
are three technological areas involved. 
None of these is more nor less im- 
portant than the other. 

Probably the first concern of the 
designer is the mechanical aspects of 
the die. Another field which is cer- 
tainly important is the thermo-dy- 
namics of the process. While the pro- 
visions made in the design of the die 
in recognition of thermodynamics are 
certainly far less formalized than most 
designers desire, still experience and 
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intuition seem to guide the skilled de- 
signers away from any serious failing 
in this respect. 

Lastly, there is the hydraulic aspect 

of die design. This discussion shows: 
Hydraulically the design of a casting 
die cannot ignore the fact that the die 
must match the machine, there is 
available an analysis of the process 
which takes into account most of the 
variables, the thorough analysis of 
each die design at present seems pro- 
hibitive, but there may be available a 
suitable simplification based on the 
full analysis. 
“Mathematical Determination of Die Design,” 
by John Caster, Syracuse University Research 
Foundation, The Society of Die Casting Engi- 
neers Inc, 19382 James Couzens Highway, De- 
troit 35, Michigan. Paper No. 1 presented at 
The First National Die Casting Exposition & 
Congress, Nov 8-11, 1960. 
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Sonics in die casting 


Sonic and ultra-sonic techniques 
have been proven useful in expanding 
the scope of application of the die 
casting process. Casting designs 
heretofore considered impossible are 
now being produced efficiently by 
following the correct vibration proced- 
ures. When applied properly, these 
procedures may also yield greatly im- 
proved mechanical properties and 
surface finish. However, sonics and 
ultra-sonics must be used in the full 
knowledge that they are scientific 
tools. They must not be used in an 
attempt to correct existing faults in 
die design. 

“Sound Die Casting with Sound,” by John A. 
Weber and Earle W. Rearwin, SDCE Paper No. 
10 presented at Ist SDCE Congress, Nov 1960. 


Society of Die Casting Engineers, Inc, 19382 
James Couzins Highway, Detroit 35, Mich. 


* 


Better drawings and stampings 


What forming techniques are best, 
how can all of the grades of sheet steel 
be used most economically and how 
can stamping severity of a part be 
estimated before production starts? 
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This article answers these important 
questions as applied to steel forming 
and discusses steps toward lower pro- 
duction costs. 


“How to Make Better Drawings and Stamp- 


ings,’ Paul G. Nelson, Superintendent, Pro- 
duction Laboratory, Budd Co, Philadelphia, 
Pa, published in Metal Progress, the American 
Society for Metals, Mt. Morris, Ill, October 
1960. 


Gravity flow of bulk solids 


To aid in design of hoopers and 
bius here are some important facts 
about how materials such as broken 
tock, raw ores, grains, chemicals, 
fibers, chips, etc behave in flow chan- 
nels. 

Every year industry stores and han- 
dles a greater tonnage of bulk solids 
and every year more automatic instal- 
lations are put in operation requiring 
finer adjustment of the rate of feed 
into blending and processing, closer 
control of segregation, and more cer- 
tain availability of the designed live 
capacity. In most cases gravity is re- 
lied upon to cause the solids to flow 
in and out of storage and the need 
for knowledge in the field of gravity 
flow of bulk solids is increasing 
rapidly. 

Bulk solids comprise a vast array of 
materials from broken rock, raw ores, 
grains to concentrates, chemicals, 
flour, salt, carbon black; they include 
fibers, chips, flakes; they weigh from 
a few pounds to a few hundred 
pounds per cubic foot, and range in 
particle size from yards to microns. 
Yet the behavior of all these materials 
in flow channels is essentially the same 
and the theoretical principles which 
are being developed seem to apply to 
all of them. This does not mean that 
there is one universal shape of bin 
or hopper which is best suited to all 
bulk solids, but it does mean that, if 
the flow properties of a bulk solid are 
correctly identified, a suitable storage 
plant can be designed with a degree 
of certainty of satisfactory operation. 

The flow properties of a bulk solid 
depend, first, on the pressures which 
arise in the solid as it flows in a given 
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channel and, then on the strength 
which the solid develops as it con- 
solidates under the prevailing pres- 
sures. 

“Gravity Flow of Bulk Solids,” by Andrew W. 
Jenike, Materials Handling Consultant, Salt 
Lake City, Utah, presented by the American 
Society of Mechanical Engineers, 29 West 39 
St, New York 18. Paper No. 60-WA-81. 


* 


Casting aluminum 


The significant features of alumi- 
num lie in the weight savings af- 
forded by its light weight, and its high 
resistance to corrosion, good electrical 
and thermal conductivity, favorable 
mechanical properties, excellent work- 
ability and low ultimate cost. 

Equally important, aluminum is 
one of the relatively few materials 
that can be cast by all three common 
casting methods—sand, permanent 
mold, and pressure die casting. This 
versatility has been enhanced by de- 
velopment of special aluminum cast- 
ing alloys for each casting method, de- 
signed to utilize the particular inher- 
ent advantages of that method. The 
term “aluminum” as used here also 
includes the aluminum alloys. 

This booxlet provides a better un- 
derstanding of the design and _ pro- 
duction of aluminum castings. It in- 
cludes clear and concise information 
to help the designer select the cast- 
ing process and the aluminum alloy 
best suited to meet the requirements 
of the product. 


“Casting Aluminum,” published by Reynolds 
Metal Co, Richmond, Va, 1959. 


* 


Drawability of steels 

Recent concepts of  sheet-steel 
formability have literally taken on a 
new dimension. Perhaps because of 
the predominantly two-dimensional 
character of sheet steel, little impor- 
tance has been assigned to the prop- 
erties of steel in its third (thickness) 
dimension and how they affect form- 
ability. 

Recent studies at Bethlehem Steel 
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Co. have shown that the strength of 
the sheet steel in its thickness direc- 
tion is a major factor affecting the 
formability of the steel in certain 
types of pressing operations. Gener- 
ally, the ductility of sheet metal is 
considered a good indication of its 
formability. Where the sheet is 
formed predominantly by stretching, 
this relationship usually holds true. 

There are many forming operations, 
however, in which the part is formed 
largely by drawing or upsetting the 
metal rather than by stretching. The 
performance of a metal under these 
conditions often bears little relation 
to its ductility in the rolling direction. 
It is in this class of forming operations 
where we find that the properties of 
the sheet in its third dimension are 
of greatest importance. Best perform- 
ance during forming is usually ob- 
tained when the strength of the sheet 
is greater in the thickness direction 
than it is in the plane of the sheet. In 
other words, sheet steels (or other 
sheet metals) which are anisotropic in 
this sense are more suited to deep 
drawing than sheet with isotropic 
properties. 

Thus, formability depends largely 
on two characteristics of the steel— 
its ductility and a distinct anisotropy 
in the thickness direction. 

“New Concepts of Drawability of Steels,” R. L. 
Whiteley and D. J. Blickwede, Bethlehem Steel 
Co, Bethlehem, Pa, published in Metal Progress, 


the American Society for Metals, Mt. Morris, 
Il, October 1960. 


Heat treating steel 

The versatility of steel depends 
largely on the different properties 
which can be imparted by suitable al- 
loys and by heat treatment. The basic 
heat-treatment procedures of anneal- 
ing, to soften the steel, and harden- 
ing, to harden the steel, have long 
been known but it is only in recent 
times that the full significance of these 
procedures has been understood. It 
has been found that the mechanical 
properties are dependent largely on 
the micro-structure, that is, the com- 


position and form of the small grains 
which collectively make up the steel. 
In this connection the microscope is 
indispensable in the investigation of 
the structure of steels. 

The major importance of heat 
treatment is that it effects the micro- 
structure of the steel. To understand 
clearly the behavior of steel in the 
various stages of heat treatment, the 
so-called S-curve, TTT-diagrams or 
IT-diagrams are invaluable and these 
are now generally available. The term 
S-curve is a relic from the early in- 
vestigations when due to misinterpre- 
tation of the transformation in the 
martensite range, a curve was drawn 
in the form of a letter S. Nowadays, 
the terms TTT-diagrams (derived 
from Temperature-Transformation- 
Time) or IT-diagrams (derived from 
Isothermal Transformation) are more 
commonly in use. Uddeholm Co. has 
compiled such diagrams for tool steels 
and have worked out practical instruc- 
tions for the heat treatment of such 
steels. 

“Modern Principles of Heat Treatment of 


Steel,” published by Uddeholm Company of 
America, Inc. 


Mold fabrication 


There are three main areas of con- 
sideration in a discussion of the re- 
duction and control of cost in mold 
fabrication; first, those moldmaking 
costs which are affected by the prod- 
uct’s design requirements; secondly, 
costs which are incurred as a result of 
the mold design; and thirdly, costs 
resulting from the methods and pro- 
cedures planned for the actual con- 
struction of the mold. Each area is 
analyzed separately. Methods of pro- 
cedure and suggestions concerning the 
control and reduction of cost are here 
developed. 

“Mold Fabrication—Cost Reduction and Con- 
trol,” by Rolf H. Berg, V.P. & Treas., Atols 
Tool & Mold Corp. SDCE Paper No 3, pre- 
sented at Ist SDCE Congress, Nov 1960. So- 


ciety of Die Casting Engineers Inc, 19382 
James Couzens Highway, Detroit 35, Mich. 
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DESIGNERS’ CHOICE: Materials for 
HONEYCOMB SANDWICH STRUCTURES 


Honeycomb sandwich structures are com- 
posed of thin, high strength facings integ- 
rally bonded to light weight core material. 
The selection of materials to be used in such 
a structure is of primary importance in arriv- 
ing at a satisfactory design providing opti- 
mum performance. 

Figure 1 illustrates the three primary parts 
of this composite structure. 

Face sheet 


Adhesive \ >. Expanded 
impregnated “J fh ee core 
scrim cloth @ 


Face sheet 


Fabricated 
sandwich 
pane! 


Facing Selection 


Generally the facings in a sandwich struc- 
ture are selected in order to provide the 
highest compressive strength-to-weight ratio 
economically available in the size range un- 
der consideration. Examples of facings on 
successful sandwich applications are carbon 
steel in thicknesses of .030 to .050 for heavy 
duty flooring applications; aluminum alloy 
7075 T6 in thicknesses of .010 to .093 for 
flooring and highly stressed panel applica- 
tions, and porcelain enamel steel in 14 to 24 
gauge for exterior curtain wall applications. 
Other special applications have dictated the 


INFORMATION REQUEST 


Send to Hexcel Products Inc. Dept. P-61 
2332 Fourth Street, Berkeley 10, California. 


NAME 
TITLE 
COMPANY 
STREET 


city 7 ZONE STATE 


use of high temperature reinforced fiber 
glass-plastic skins, stainless steel skins, ce- 
ment asbestos board skins and similar mate- 
rials. In every case, the facing selection must 
meet the multiple criteria of economy, struc- 
tural efficiency, and process compatibility. 


Adhesive Selection 


There are now available to designers a num- 
ber of adhesive systems for attaching honey- 
comb core materials to high strength facings. 
Most high strength structural adhesives are 
based on various combinations of thermo- 
setting resins which provide structural integ- 
rity throughout the environmental conditions 
encountered. For lightly loaded panels sub- 
ject to less exacting environmental condi- 
tions there are a number of adhesives based 
on thermoplastic or elastomeric resins, some 
of which permit very economical sandwich 
fabrication. 


Honeycomb Core Selection 
Core materials are selected on the basis of 
structural performance, environmental re- 
quirements, and economy. 


APPROXIMATE COST—VARIOUS HONEYCOMB CORE 
MATERIALS ($ Per Cubic Foot) 
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It can be seen that the cost of honeycomb 
core materials varies considerably. It should 
not be inferred, however, that the perform- 
ance of a particular core is measured by its 


cost. Figure 3 indicates the specific strength 
of the same honeycomb core materials illus- 
trating the differences in carrying ability. 
400 





ree Ae 
300 
Shear 


200} 
ALJ.) a) Oe 
oli 


Paper Aluminum Glass 


8 














ange of Specific Strengths 


R 
PS!/LB/Cu FT 


Stainless 


With proper selection of facing, adhesives 
and honeycomb core, the designer can achieve 
optimum structural performance with mini- 
mum weight. For example, a beam of steel 
plate weighing 68.6 lbs. can be replaced by 
a structural honeycomb sandwich beam of 
7.8 lbs. with the same deflection and strength. 


The design opportunities for honeycomb 
sandwich structures are apparent. 





Since World War I! designers of air and 
space craft have made ever-increasing use 
of honeycomb in a great variety of structural 
and non-structural applications. Honeycomb 
can be made from almost any material avail- 
able in continuous web or roll form, e.g., 
aluminum, glass fabric, cotton, stainless steel, 
paper, asbestos, titanium. In its cellular con- 
figuration, honeycomb is 97% air, 3% ma- 
terial. 


Honeycomb has intrinsic qualities of high 
strength, light weight, high ratio of surface 
area to volume and other specific properties 
which depend upon the type of material 
used. These combinations of properties, which 
have given honeycomb wide application in 
air and space croft, offer to designers in in- 
dustry generally unique opportunities in 
product design. In the interest of advancing 
this knowledge of honeycomb, Hexcel, 
through its research and development stoff 
(the industry's largest), has prepared this in- 
formational series. Should you desire addi- 
tional technical information or copies of 
others in this series, please complete the in- 
formation request form on this page. Your 
request will receive immediate attention. 











Be xXC EL provucts INC. 


Stronger, lightweight materials for industry 

Executive Offices: 2332 Fourth St., Berkeley 10, Calif. 

Plants: Berkeley, Oakland, El Segundo, Calif.; Havre de Grace, Md. 

Sales Offices: Inglewood, Calif.; Fort Worth, Texas; Chicago, Ill.; 
New York, N.Y.; Havre de Grace, Md. 
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LET MUELLER MAKE I(T! 


Mueller Brass Co. of Port Huron is much more diversified 
than the name ‘‘Brass” implies . . . a lot more. In fact, 
because of its many and varied facilities . . . its men, 
methods and metals... Mueller is in the unique position of 
being able to offer true single source service. 


MUELLER HAS THE MEN .. . experienced engineers with 
the ability to work out, creatively, tough design problems, 
and improve a part or components for production by the 
most economical method. You get sound engineering plus 
44 years of practical metalworking production experience 
when you ‘‘Let Mueller Make It’”’. 


MUELLER HAS THE METHODS... . when you “‘Let Mueller 
Make It’’, you are utilizing one single source that is able to 
produce parts any one of these ways: as forgings, impact 
extrusions, sintered metal parts, screw machine products, 
formed tube or as castings. 


MUELLER HAS THE METALS .. . and the materials... to 
produce precision parts in aluminum, brass, bronze, 
copper, iron and steel in hundreds of different alloys to 
meet each exact requirement. 


In addition, Mueller Brass Co. has complete and modern 
facilities for performing all types of finishing and sub- 
assembly operations. Another plus value is nation-wide 
sales engineering service. 


So, in the final analysis, no matter where you fit in the 
American industrial picture, whether you're making mis- 
siles or mowers .. . and no matter where you’re located, 
it will pay you to LET MUELLER MAKE IT! 


PP 4 

ae MUELLER BRASS CO. Port HURON 29, MICHIGAN 
ce) 
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YOU CAN ADD THIS ENGINEERING TEAM 


TO YOUR STAFF WHEN YOU 


LET MUELLER MAKE IT! 


When you work with the Mueller organization, a qualified team of trained, experienced and imaginative 
engineers automatically become part of your staff and go to work for you. This engineering team, which 
includes specialists in all categories of design work and production procedures, carefully considers all 
aspects of your particular part or assembly and its function. In conjunction with members of your engi- 
neering department, Mueller engineers can help design or re-design your part for improved perform- 
ance, eliminate, where possible, unnecessary parts through re-design by making two or three part 
assemblies as a single piece, and recommend the best method of production. Mueller people also 
consider ways of speeding your finishing and assembly operations. Production economies consistent 
with product quality are always a prime consideration. 

This TOTAL CONCEPT engineering service, which costs no more, is available to you when you... 
LET MUELLER MAKE IT! 


. i 
ae, MUELLER BRASS CO. PORT HURON 29, MICHIGAN 
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@ Supplying this Motorola tele- 
vision tuner housing on a vol- 
ume basis could have been a 
real production headache—were 
it not for the crackerjack com- 
bination of a die caster’s skill 
and Zamak. With the perform- 
ance virtues of these remarka- 
ble zinc die casting alloys in 
mind, Serv-All Tool and Die 
Company carefully worked up a 

unique die. It required the withdrawal of three 

cores for the stepped-tapered holes at the rear of 

the casting into a very small area—yet at the same 

time the accuracy of all the diameters had to 

be held within plus or minus 

.002”. A piercing die was de- 

signed to punch the 

quarter-inch holes in 

the housing’s three 


MOTOROLA TELEVISION TUNER HOUSING 


AWARD OF MERIT 
The New Jersey Zinc Company’s “Zinc Die Casting of The Year" Competition 


~ =>, 
rea 


“ears” as well as several undercuts impossible to cast. These 
holes were also held to plus or minus .002”. m Serv-All knew 
Zamak could give them the castability they needed, could 
meet the demanding tolerances, could provide the high- 
strength, thin-wall sections required, and had the ductility 
for an accurate, easy piercing operation after casting. They 
— " —_____—_ ; : also knew of the overall production economies inherent to 
WORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY »* Zamak—low die cost, long die life and high production 


THE NEW JERSEY | ¢@} I speeds. One other characteristic of Zamak sealed the choice 

: —the wide variety of finishing procedures which can be used. 
Z I N C C O M PA N Y * In this case the housing is copper-plated to facilitate 
160 FRONT STREET « NEW YORK 38, N.Y. 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY PRODUCTS soldering. 
LT @ Zamak gives you more for less. How else would you make it? 
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the right punch & die 
at your fingertips... 


NEW DI-ACRO 
PUNCH PAKS 


Punch Pak No. 1 - $139.50 
Punch Pak No. 2 - $259.50 


@ Off the shelf delivery 


@ Adapters to fit any 
punch press 


Di-Acro Punch-Paks save you 
money, cut production delays. No 
time lost loching for the right size 
or waiting for special orders. Cost is 
approximately 10 per cent less than 
individual punch and die sets—with 
the rugged, steel store-or-carry chest 
free. All Di-Acro Punches and Dies 
are precision made of quality tool 
steel. 


PUNCH-PAK NO. 1 contains 30 sizes 
of round punches and dies from 
3/64" to \4” in increments of 1/64”. 


PUNCH-PAK NO. 2 contains round 
punches and dies from 1/16 to 4” 
in 1/16" increments, round sizes 
from 14” to 2” in 1%" increments, 
squares in 14", 54", 34” and 1” sizes, 
one die holder and two die adapters. 


Die Adapter A-2 3%” diameter— 
1%" bore, Die Adapter B-2 3" 
diameter—2! ,”" bore. 


DIMENSION DATA 


All Di-Acro Punches to 2” have 1” 
diameter shanks, 2 13/32” length. 

All Di-Acro Punches from 2” to 2” have 
1” diameter shanks, 3s” length. 

All Di-Acro Dies to %” are 1%" dia- 
meter, %” high. 

All Di-Acro Dies from %” to 1%” are 
2%" diameter, %” high. 

All Di-Acro Dies from 12” to 2” are 
2%" diameter, 15/32” high. 


PUNCH AND DIE HOLDERS 


which adapt Di-Acro ¢ 

Punches and Dies to + 

any punch press are 

listed in literature on single station punch 
and die program. Ask for it... also for 
literature on new Adjustable Punch and 
Die program. 


For full information consult Yellow Pages of your 
phone book under Machinery-Machine Tools for 
the name of your Di-Acro distributor or write us. 


Pronounced die-ack-ro 


DI-ACRO CORP. 


formerly 
O'Neil-Irwin Mfg. Ce. 
839 Eighth Avenue 
Lake City, Minnesota * U.S.A. 
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Fabricating clad steels 


Clad steels are now finding wide 
application in many industries; this 
article describes the production and 
special properties of four main types 
—Monel, nickel, ferritic and austinitic 
stainless steels. 

“Fabrication of Clad Steels,” by S. Rowden, 
Ashmore, Benson, Pease & Co, Ltd. Published 


in Engineering Materials and Design, June 
1960, p 334. 


Flexible polyether urethane 
foams 


This article describes a process for 
molding thin sections of one-shot 
polyether foams in thin gage metal 
molds. A unique feature of the proc- 
ess is a high-output source of radiant 
heat. 

“Molding Flexible Polyether Urethane Foams,” 
by P. G. Gemeinhardt, J. F. Szabot, A. S. More- 


croft & J. H. Saunders, Mobay Chemical Com- 
pany, SPE Journal, Oct 1960, p 1117 


- 


Strain gages in processing 
Recent innovations in manufactur- 
ing techniques are promoting the 
strain gage as an optimum measuring 
element for the process industries. 
This paper presents some new ideas 
in the application of the gage element 
to force or deflection producing 
mechanisms for pressure, flow and 
level measurements. 
“Strain Gages for the Process Industries,” 
Albert F. Hyde II, de Var Systems, Inc. In- 


strument Society of America paper 82-NY60, 
313 Sixth Ave, Pittsburgh 22, Pa. 


* 


Extrusion of high-density 
polyolefins 


Sheet may be extruded from these 
resins over a wide range of melt in- 
dexes but only those near the lower 
limit of good sheet extrusion charac- 
teristics are generally selected. With 
0.96 density ethylene homopolymer 
and 0.95 density ethylene-butene 
copolymer resins, nominal melt in- 
dexes in the range of 0.2 to 0.3 are 
recommended. Sheet produced from 
higher M.I. resins may exhibit a high 


gloss but excessive sag and other prob- 
continued on page 187 
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WIRECLOTH 


From Stock /Woven to order 


INDUSTRIAL WIRE CLOTH 
3* opening to 400 mesh 


METAL FILTER CLOTH 
.005 inch to 15 micron 


Corrosion and heat 
resistant alloys 


Strainers, Filters, Screens 
Your requirements fabricated of Wire Cloth 
or Metal Filter Cloth— 


Volume production—Special orders 


Send your requirements for quotation 


MICHIGAN 
WIRE 
CLOTH 


COMPANY 


MICHIGAN + DRAWS THE WIRE « WEAVES THE 
CLOTH « FABRICATES THE COMPONENT 


2040 HOWARD STREET 
DETROIT 16, MICHIGAN 
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WAUKESHA 


created alloys for critical 


casting requirements... 


In less than a decade, Waukesha Foundry Company has cre- 
ated 5 corrosion-resistant, non-galling alloys. 


Space vehicles, ships on and beneath the sea, nuclear reactors 
. .. Waukesha is presently serving these areas where precision 
engineered castings are an absolute requirement. 


Waukesha provides quality “Spectrometer” control with each 
heat, pilot plant facilities, sand, shell, ceramic-type moldings, 
and a metallurgical staff with an impressive history in “cre- 


Wl Y ated metals”. 
Foundry Company From the blueprint to the finished casting, consult Waukesha. 


Dept. F-36, Waukesha, Wisconsin 
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GRAPHITAR 


(CARBON-GRAPHITE) 


FOR DEPENDABILITY 


GRAPHITAR’S own character makes it depend- 
able. A non-metallic engineering material, 
formed from carbon and graphite powders and 
a special binder, compacted under high pressures 
and furnaced at temperatures up to 4,500°F., 
GRAPHITAR possesses inherent characteristics 
that give finished parts exceptional depend- 
ability. GRAPHITAR’S natural heat resistance, 
for example, gives bearings, seals, vanes and 
rings exceptional dependability whenever de- 
pendability is one of the prime requisites. 


In this laboratory test stand, oxidation-resistant 
GRAPHITAR parts are being checked under simu- 
lated operating conditions. Similar tests have proven 
that, when GRAPHITAR parts are exposed in oxidiz- 
ing atmospheres at 1,200°F., they show only a weight 
loss of less than six percent after 200 hours. 


There are other characteristics every bit as im- 
portant to GRAPHITAR’S dependability. They 
include chemical and magnetic inertness, me- 
chanical strength and adaptability to self- 
lubrication. Besides these natural characteristics, 
GRAPHITAR engineers can control porosity, 
strength and hardness to match GRAPHITAR’S 
physical properties to each individual applica- 
tion. It’s little wonder that GRAPHITAR has 
become one of the design engineer’s most versa- 
tile and useful materials, 


Company's operations. 


With the aid of photomicrographs, engineers 
at The United States Graphite Company gain 
PICT (Mtl eenristim lnelim@etmit(eceieat(aattss 
of GRAPHITAR parts. Modern laboratory 
equipment such as the Metallograph enables 
engineering personnel to advance 
quality for maximum dependability. Exte 

and continuing R&D work has always been an 
integral part of The United States Graphite 

















GRAPHITAR air/oil seals employed in today’s high- 
speed turbojet engines have established an enviable rec- 
ord for operating dependability. Installed on the main 
shaft of the turbine, GRAPHITAR seals successfully 
withstand tremendous shaft speeds and generated heat. 


GRAPHITAR bearings in the power reactor pumps Unusually shaped parts of GRAPHITAR can be 

of American nuclear submarines have compiled an molded easily with today’s modern techniques. 

outstanding record for dependability. Ears, face slots and outside diameter notches of 
friction disc above, left, were molded in one 
operation without need for secondary machin- 
ing and finishing. 


Do you have an application in which GRAPHITAR’S dependability can help 
solve a tough problem, reduce your costs and improve the operational life of 
your products? Our engineering staff can help you find out. Our field men can 
also give specialized, on-the-job consultation. Send for your free copy of 
Engineering Bulletin #20. Included is helpful information about the properties, 
characteristics and applications of GRAPHITAR. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 


GRAPHITAR® carson-crapnite © GRAMIX® POWDER METALLURGY © MEXICAN GRAPHITE oon © USG® BRUSHES  —r-zo4.2r 
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SANDUSKY, OHIO 


©) SANDUSKY FOUNDRY & MACHINE COMPANY 


Centrifugal Castings for Industry 





Sandusky Centrifugal Castings are available in stainless, carbon 
and low-alloy steels, full range of copper-base and nickel-base alloys 


AE. oe 


from 7 to 54 inches 
in outside diameter 


up to 33 feet long 
(depending on diameter 
or wall thickness) 


light or heavy 
walled components 


| O®@ 


annular parts sectioned 
from these cylinders 


or fabrications which 
incorporate straight 
cylindrical sections 





IN GENERAL 
INDUSTRY 


Rolls, bushings, bearings, sleeves, liners and 
other cylindrical parts made from Sandusky 
Centrifugal Castings are widely used in indus- 
trial processing and fabrication. Our ability to 
produce cylinders of great size without welding 
has special significance to manufacturers and 
users of heavy equipment. 


Fee # 
i 





IN MARINE 
APPLICATIONS 


Our centrifugal castings have been meeting the 
special requirements of the U. S. Navy and mod- 
ern merchant marine fleets for many years. 
They are serving as propeller shaft sleeves, 
stern tubes, bushings, rudder stock sleeves, 
hawse pipes, dredge spuds and other marine 
components. 











IN NUCLEAR 
SYSTEMS 


Sandusky Centrifugal Castings are finding in- 
creasing use in the nuclear field as pressure 
vessels, pressure piping, canned motor pump 
stator shells, fuel handling tools and other com- 
ponents. Cylinders we produce from stainless 
and carbon steels, bronzes and Monels are used 
in the U. S. Navy’s nuclear submarines. 





IN UNFIRED 
PRESSURE 
VESSELS 


Sandusky Centrifugal Castings meet the require- 
ments and approval of ASME Codes regulating 
the construction of unfired pressure vessels. 
Among these are hydraulic jack cylinders, pres- 
surizers, test loop components, heat exchanger 
shells, and dam gate hoist cylinders—many fin- 
ish machined in our shops. 








IN REFINERY, 
PETROCHEMICAL 
APPLICATIONS 


Case 32 Interpretations of 1955 Code For Pres- 
sure Piping published in MECHANICAL ENGI- 
NEERING, April, 1960, approves the use of 
centrifugally cast pipe for piping systems, under 
Section 3 of ASA B31. Ammonia synthesis con- 
verter cartridges, chemical reactor vessels, and 
heat exchanger bodies are other typical applica- 
tions of Sandusky Centrifugal Castings. 





For complete information on Sandusky Centrifugal Castings—and practical, eco- 
nomical answers to your cylindrical needs—write for new Product Book No. 500. 
Address SANDUSKY FOUNDRY & MACHINE COMPANY, SANDUSKY. OHIO. 
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WHY PAY FOR METAL WASTE? 


Here is how to cut costs on your next tube order... 
by eliminating excessive metal waste and unneces- 
sary machining time. 

NOW FOR THE FIRST TIME you can order the exact 
size tube O.D.’s you need from 2.25” to 50” with wall 
thicknesses from .25” to 8”. An exclusive “first” in 
centrifugally spun tubing—the ACIPCO CERAM- 
SPUN® process* makes this revolutionary develop- 
ment possible. 


YOU BUY WHAT YOU NEED...NO MORE. Further- 
more, the cost of unwanted crop ends can be 


ACIPCO CERAM-SPUN’ 


STEEL TUBING 


eliminated and tubes can be cast to specified lengths 
from 4 feet to 20 feet. Longer lengths are made by 
welding. 

OTHER ADVANTAGES? ACIPCO’s complete “under 
one roof” operations — including heat treating, 
machining and welding — save you the delays and 
excessive costs that often result in buying from mul- 
tiple supply sources. 

Let us tell you more about ACIPCO CERAM-SPUN® 
... contact us today. ACIPCO STEEL PRODUCTS, 
Division of American Cast Iron Pipe Company, Birm- 
ingham 2, Alabama. 


* Patent applied for 
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eolermetiias 

identification 
specifications 
decoration 


sales stimulation 


Metal-Cals 


adhere 
easily to... 


e Metal 

e Bakelite 

e Plastic, 
Porcelain 
Glass 
Wood 


All painted 
surfaces 


MOUNTAIN STATES 
TELEPHONE 


moroe VHC NO. 


For ease of serial 
typing and 
appli cation. 


ee meee 


REDUCE 


application costs 
with 


Metal- Cal. 


TAB-LINER 


This “Quick-Release” Tab-Liner in- 
creases your production and applica- 
tion efficiency. 


The use of Metal-Cal as a permanent 
identification for manufacturers prod- 
ucts has become an important factor 
in today’s highly competitive market. 
Metal-Cal is a patented process, 
incorporating anodized and dyed 
aluminum foil, with adhesive backing, 
and can be furnished in any design or 
shape to meet specific requirements. 


NEW VARIATIONS 


Metal-Cal. 


in pre-cut STRIP FORM 
. 








Scriptcal 


ScriptCal will duplicate the 
“Floating Letters” of your trade 
mark, no supporting background 
necessary. 











The high quality of Metal-Cal, together 
with new and improved pressure sensi- 
tive adhesives or bonding film assures 
long life and superior permanence. For 
full information on how Metal-Cals can 
best serve you, write for illustrated |it- 
erature and free samples. 


C&H SUPPLY CO. 


415 E. Beach Ave. / Inglewood, Calif. 


ele (al, 


U.S. PAT. 2,769,265 atti 
ae 
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It is! This heavy 
duty switch handle 
was formed by 
Titchener from %” 
coiled steel wire. 


Here’s the other end 
of the scale, a small 
lamp guard made 

of .047” round steel 
wire. Electric-welded 


FULL SIZE 


construction — two 


v rings and two legs. 





FULL SIZE 


Our facilities for automatically forming wire com- 
ponents and welding wire assemblies can solve 
problems, save money. All sizes of wire from 3%” to 
.047"— many metals, finishes, too. Engineering con- 
sultation is available for the asking. 


FREE 


design 
handbook 


Write for your copy today! 


«litchener 


AND COMPANY 
66 CLINTON STREET, BINGHAMTON, NEW YORK 
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lems will be encountered in subse- 
quent thermoforming operations. In © 
iddition to optimum forming proper- 
ties, low M.I. sheet also provides 


maximum toughness plus the best re- 


sistance to environmental stress crack- 
ing (ESC) at any particular density. 
In applications where ESC resistance 
is the major consideration, the 0.95 
density ethylene-butene copolymer 
should be chosen. Otherwise, the 
0.96 density ethylene homopolymer is 
selected because it provides the maxi- 
mum stiffness for any ethvlene-based 
resin, thereby permitting the use of 
the lightest, most economical thick- 
neses. 

“Extrusion of Sheet from High Density Polyole- 
fins,’ by Robert Doyle, Phillips Chemical Co, 
SPE Journal, 65 Prospect St, Stamford, Conn, 
February 1961. 













High-temperature machining 


When hard materials are machined 
at high tempertures, both tool forces 
and the amount of work done in cut- 
ting are reduced. Machining efficiency 
rises and tools last as much as 40 
times longer. This article and the two 
following articles are based on papers 
to be presented at the ASTME West 
ern Engineering Conference, Los 
Angeles, Nov 14-18. 

“High-Temperature Machining Solves Space- 
age Metalcutting Problems,” by William Pent- 
land, Jens L. Wennberg & Clarence L. Mehl, 
The Cincinnati Milling Machine Co, Cincinnati, 


Ohio. The Tool and Manufacturing Engineer, 
10700 Puritan Ave, Detroit 38, Mich, Nov 1960. 


Standard for grind wheels 


Grinding wheels are cutting tools 
consisting of abrasive grains bonded 
together with Organic and Inorganic 
bonds. They are widely used in metal 
working industries ranging from 
snagging operations to remove excess 
inetal from castings and welds, to high 
finishing operations of foil rolls. In- 
termediate are a multitude of other 
uses whereever moving parts are pro- 
duced or edge tools are sharpened. 
The non-metallic field, glass, stone, 
masonry and many other materials re- 


quire grinding wheels for processing 
operations. The Proposed Standard 
was submitted to the Sectional Com 


continued on page 188 


CIRCLE 187 ON READER SERVICE CARD-> 





A Reliable Single Source 


for Engineered Castings 


eTtres iil igels 
Meehanite* 

Gray Iron 
Ductile Ni-Resist 
Ni-Resist 


i i Piat- lige 





Pile} ste igels 





71561 LINCOLN AVENUE + HAMILTON, OHIO + TWinbreek 6- 7491 
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if SIZES 


READY TO SHIP 


CORED BAR ST 


narush? Order from Vo 


sp inmedicn aay hel 
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o.D. 
2% 


sizes 
TYPES 304 and 316 


1.D. 0.0. 1.D. | O.D. LD. 
4 2 4% x 3% 
2% 3% 
24% 4 

2% 2% 
3 | 2% 
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3% | 3 

a 3% 
2% 3% 
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DESIGN ABSTRACTS continued 


mittee B74 in January of 1960. After 
approval by the committee it was then 
submitted to the Grinding Wheel In- 
stitute for sponsor approval and sub- 
sequent transmittal to the American 
Standard Association. It was finally 
approved as an American Standatd on 
June 3, 1960. 

“A.S.A. Specifications for Standard Shapes and 
Sizes for Grinding Wheels,” published by 


American Standards Association ¢nc, 10 East 
40th Street, New York 16, N. Y. 


+ 


Distortions in welds 


Several recent studies have shown 
that residual stress may be an impor- 
tant factor in causing brittle fracture 
of a welded structure, and _ these 
studies have revived the interest in 
residual stresses in weldments. This 
paper deals with an analytical ap- 
proach developed by the author to the 
problems of residual stresses and dis- 
tortions. 

“An Analytical Approach to the Problem of 
Residual Stresses and Distortions Due to Weld- 
ing,” by Koichi Masubuchi, Battelle Memorial 
Institute. Presented at AWS National Fall 


Meeting 1960. American Welding Society, 33 
West 39th St, New York 18, N. Y. 


end 


“Smooth-edge” blanking 


It is now a simple matter to blank | 


straight, smooth edges on precision 


parts every time, and to achieve edge | 


finishes comparable to those in grind- 
ing (accuracies within 0.0005 in., or 
even closer). 
by Hydro-Cam Engineering Co and 
Hydraulic Press Manufacturing Co 
have just come up with a method in- 
volving high-speed presses and special 


dies which blanks parts from coil or | 


strip stock with a smooth, sheared 
edge at right angles to the die face. 


“Smooth-edge blanking made easy,” by George 
H. DeGroat, American Machinist/Metalworking 
Manufacturing, 330 W 42 St, New York 36, 
July 25, 1960. 


+ 


Constricted-are process 





With equipment made | 





The constricted or plasma arc has | 


been a tool for cutting metals since 
the introduction of commercial equip- 
ment in 1955. 
process include an inert-gas stream, 

eontinued on page 193 
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Basic features of the | 


big savings 
for your 
finishing 
department 


A PICTURE OF WASTED PAINT 
The overspray you see is typical 
of most old-fashioned spray sys- 
tems. Fifty per cent or more of 
the paint never reaches the 
object to be painted at all 


WITH NORDSON AIRLESS. The 
same product being sprayed by 
the but, this time 
little no overspray paint 
waste cut 25 per cent or more 


same man; 


or 


With an ordinary spray system, 600 
parts of air are needed to atomize one 
part of paint. When the spray gun is 
triggered, the mass of air must go some- 
where and it carries with it clouds of 
paint — much of which goes up the 
spray booth exhaust stack or settles 
where it is unwanted. 


The Nordson Hot Airless System 
changes all that. No air is used for 
atomization so overspray. is cut to a 
bare minimum. Important savings are 
made in both material and labor. Clean- 
up time is cut to the bone, housekeep- 
ing improved. We can show you how 
to cut painting costs and at the same 
time get better finish quality. Write 
for your free copy of the Nordson Hot 
Airless Spray Brochure. 


NORDSON CORPORATION 


86 JACKSON STREET + AMHERST, OHIO 
CIRCLE 718 ON READER SERVICE CARD 
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Complete Engineering and 
Production Service including: 


HYDROFORMING, DEEP DRAWING, SPINNING 


All Shapes and Sizes, Long or Short Production Runs * MU METAL * NICKEL 
* BRASS * MAGNESIUM 


Light, Medium and Heavy Gauges to Close Tolerances * INCONEL * TITANIUM 
* ALUMINUM * SILVER 


Weldments and Sub-Assemblies (Prototypes Only) ocaneen one eumeme 


Commercial and MIL Components * CARBON STEEL * STAINLESS STEEL 








...Metal Craftsmen Since 1924 
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~y » at a die casting 


Madison-Kipp zinc and aluminum die castings 


Here is a gas valve housing so intricate no one view 
could do it justice. Notice that the holes which are 
cast in reduce secondary operations. Cast in seats 
must be smooth and flat to prevent any danger of leak- 
age. Dimensions must be held to close tolerances. 

There are three ways to look at a die casting. First, 
the engineering that goes into the design and the 
skilled die making that assures perfect castings. Sec- 
ond, the experience of the die caster that guarantees 


s “on / 
meseancr 
‘4 f 


= e)e 


quality parts in quantity. Third, his reliability and re- 
sponsibility backed by years of die casting experience. 

On all three counts—engineering, production, re- 
sponsibility—Madison-Kipp has won the confidence 
of manufacturers who demand the finest. 

We have a 24-page book showing some of the die 
casting problems we have solved, and containing in- 
formation on other Madison-Kipp products. A copy is 
yours for the asking. Write for one. 


MADISON-KIPP CORPORATION 


206 Waubesa Street + Madison 10, Wisconsin, U.S.A. 


Skilled in Die Casting Mechanics + Experienced in Lubrication Engineering + Originators of Really High-Speed Air Tools 
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STEEL PARTS FROM POWDER METALLURGY 


Take advantage of the highest quality powder metallurgy available 
today! If you use hobbed gears—or other structural parts—in quan- 
tity, Supermet Hi Density parts can save you big money. At a single 
Hi DENSITY pressing all of the gears above are produced 90% of theoretical solid, 
carburized conventionally, and given after-treatments such as plating 
(you can’t do this with ordinary powder metal parts). Supermet 
CARBURIZED makes gears up to 1.25 sq. in. cross-section to your specs in’ iron, 
alloy steel, carbon steel or stainless. We regularly work to ASTM 
B309-58T Class A and B densities. Because of our modern, fully 
equipped toolroom, we can readily fabricate and maintain your tooling. 


SUPERMET DIVISION 
GLOBE INDUSTRIES, INC. Supermet is often the “supplier of hast resort’ —we deliver on 


ae : time those difficult powder metal parts on which others fail. 
wae Cindnatt ©. Send a part print today for a prompt engineering analysis— 
take advantage of the strength of steel with the economy of 
powder metallurgy. 


Dayton 8, Ohio 


free technical literature 
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DESIGN ABSTRACTS..........continued 


and a direct-current arc from the 
tungsten electrode which pass through 
a constricting orifice to the work. 
Heated and greatly expanded by the 
arc, the gas is ejected at high veloc- 
ity. The concentrated heat and jet- 
like action result in rapid melting and 
removal of the base metal. 

Although available equipment is de- 
signed for operation in air, early work 
by the manufacturer indicated that 
the arc could function with the tip of 
the torch submerged in water. For 
maintenance work on nuclear reactors, 
underwater cutting in which the en- 
tire torch is submerged offers partic- 
ular advantages. When repairs are 
required, water is often used as a 
shielding medium to reduce the haz- 
ards to workmen and to prevent any 
possible spread of radioactivity. 
“Contricted-Arc Process Cuts Metals Under 
Water,” by C. H. Wodtke, Metallurgist, Metal- 


lurgy Div, Oak Ridge National Laboratory. Pub- 
lished in Metal Progress, Dec. 1960, p 91. 


* 


Spinning for strength 

Shear spinning appears to be a good 
method for fabricating surfaces of 
revolution which would require a 
minimum of welding for rocket cases. 
"Spinning Make Stronger Rocket Cases,” by 
lewis E. Zwissler, Associate Manager, Manu- 
facturing & Material Div, Polaris Program, 
Solid Rocket Plant, Aerojet General Corp, Sac- 


ramento, Calif. Published in Metal Progress, 
December 1960, p 71. 


* 


Controlled vibration 


Vibratory barrel finishing, once 
considered something of a novelty, 
has demonstrated its ability to cut 
parts-finishing time under production 
conditions. Almost any plant can 
benefit from the application of this 
versatile and fast finishing process. 

During the past few years, automa- 
tion has become a byword in Ameri- 
can industry. Transfer machines, 
numerical controls, automatic ma- 
chines of all kinds have been put to 
work in hundreds of plants. While 
the most dramatic developments have 
been in processes where large amounts 
of metal are removed, there have been 
equally important—if less dramatic— 
developments in the field of parts fin- 


continued on page 194 
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WHEN SMALL PARTS MUST BE DESIGNED FOR 


ELECTRICAL 
CONDUCTIVITY 


Clean, smooth and accurate within close 
tolerances, OPC castings have helped 
solve small parts design and production 
problems in just about every industry. 

OPC will work right from your bliue- 
prints and deliver the finished product 


OPC casts eight 
different STURDY 
bronze alloys. 


OPC casts six 
different LIGHTWEIGHT 
aluminum alloys. 


OPC casts beryllium 
copper for GOOD 
conductivity, and 
for the strength of 
steel, after heat 
treating. 


—10 or 10,000—on schedule and cor- 
rect to your specifications. 
OPC customers just don’t kave small 
parts design and production problems 
. and you shouldn't, either. Let OPC 
show you why. 





PLASTER MOLD CASTINGS — Brass, Bronze, Aluminum, Beryllium Copper 


OHIO PRECISION CASTINGS, 


109 Webb St. 


WRITE 
FOR 
CATALOG 


INC. 
Dayton 3, Ohio 
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DESIGN ABSTRACTS continued 
ishing, particularly barrel finishing, 
giving savings in time, floor space and 
human effort. 

This quiet revolution, with its tre- 
mendous impact on manufacturing 
costs, has been the result of an inten- 
sive research effort on the part of the 
manufacturers of finishing equipment 
and abrasives, as well as users of bar- 
rel-finishing processes. Some of the 
ancient bugaboos of barrel finishing— 
nicking of parts and a difficulty in 
obtaining repreducible results—have 
been overcome by adopting a more 
scientific approach to barrel finishing. 
It is now generally recognized that 
there is more to barrel finishing than 
simply dumping a mixture of parts 
and abrasives into a barrel and push- 
ing the start button. Today delicate 
or easily nicked parts are fixtured in 
the barrel to eliminate the possibility 
of damage and close attention is paid 
to operating variables, such as the type 
and size of abrasive, the ratio of parts 
to abrasive, the total load in the bar- 
rel, the amount of liquid and finishing 
compound added, and so on. 
“Controlled Vibration, key to parts-finishing effi- 
ciency,” T. W. Black, The Tool and Manufac- 
turing Engineer, 10700 Puritan Ave, Detroit 
38, Mich, January 1961. 


* 


Shear spinning 


Uniaxial and biaxial mechanical 
and metallurgical properties of ultra 
high-strength steels are evaluated, 
based on tests of shear spun cylindri- 
cal sections of AMS-M255 and Ladish 
Déa. 

“Metallurgical Aspects of Shear Spinning 
Ultra High-strength Steels”, P P Crimmins, 
Aerojet-General Corp. American Rocket So- 


ciety paper 1601-16. American Rocket Society, 
500 Fifth Ave, New York 36. 


Temperatures of casting molds 


The die-casting industry includes 
a variety of temperature control ap- 
plications that are growing in number 
and importance as material refine- 
ments and new casting techniques are 
developed. This temperature control 
may include the addition of heat to 
the die or it may necessitate the re- 
moval of heat from the die and sur- 
rounding area. The requirements for 


194 


more intricately designed parts, for 
the reduction of scrap, for the im- 
provement of finish, for the reduc- 
tion of cycle time and the improve- 
ment of the quality of the parts, all 
tend to direct attention to the desire 
to reduce the human element factor 
so vital to the successful operation 
of a die casting machine today. 


“Temperature Related to Molds and Casting 
Properties,” by Ross Dean, Sales Mgr & Direc- 
tor, Sterling, Inc. SDCE Paper No. 5, presented 
at Ist SDCE Congress, Nov 1960. Society of 
Die Casting Engineers Inc, 19382 James Couz- 
ens Highway, Detroit 35, Mich. 


oe 


Because of its inherent accuracy 
and adaptability to high-volume pro- 
duction, the shell-molding process 
may be the best choice when pre- 
cision casting methods are being 
selected. The author compares shell 
molding with other precision proc- 
esses, assesses its advantages and dis- 
advantages and tells how manufactur- 
ing engineers can get the most—in 
terms of cost, quality and efficiency— 
out of the shell molding process. 
“Getting the Most Out of Shell Molding,” by 
Otto W. Winter, Consulting Engineer, Winter 
Engineering Co, Grand Island, N. Y., pub- 
lished in The Tool and Manufacturing Engineer, 
10700 Puritan Ave, Detroit 38, Mich, January 
1961. 


Sand-casting versus die-casting 


The evidence of an impending 

aluminum boom is piling in from all 
quarters. The experts tell us that the 
depletion of our high grade iron ore 
deposits is just around the corner and 
with a super abundance of bauxite de- 
posits combined with ever increasing 
primary aluminum capacity, there ex- 
ists the distinct possibility that at 
some future period, economics alone 
may dictate the choice of aluminum 
over cast iron in our day-to-day cast- 
ings. 
“Alumi Sand-Casting—A Competitor of Die- 
Casting,” Mr. Thomas B. Pfaff, Asst. Foundry 
Supt, Pontiac Motor Div, General Motors Corp. 
The Society of Die Casting Engineers, Inc, 
19382 James Couzens Highway, Detroit 35, 
Michigan. Paper No. 15. Presented at the 
First National Die Casting Exposition & Con- 
gress, Nov 8-11, 1960. 





Electrostatic angle measuring 


Describes an angle measuring sys- 
tem based on a composite fine and 
coarse electrostatic transducer and as- 
sociated electronic circuitry, capable 
of digital measurement of shaft posi- 
tion to system accuracy of 400,000 
(3.24 sec of arc). 


“A High Accuracy Electrostatic Angle Measur- 
ing System”, Jerome Machlis, Telecomputing 
Corp. AIEE paper 61-199. American Institute of 
Electrical Engineers, 33 W 39th St, New York 
18. 


Milled surfaces 


This first-of-a-series discusses the 
effects of cutter diameter, number of 
teeth, runout and feed on the accuracy 
of milled surfaces. 

“Accuracy of Milled Surfaces”. Metal Cuttings, 


Jan 1961. National Twist Drill & Tool Co and 
Winter Brothers Co, Rochester, Mich. 


* 


Plastics for the model shop 


Despite the ability of plastics tool- 
ing to save time and money, many 
product engineers still hesitate to put 
plastics to work. Two factors account 
for this. First, there is a prevailing 
belief that the preparation of the 
necessary resins, hardeners and fillers 
is a laboratory technique and there- 
fore out of place in production tool- 
making. Second, many companies 
have made hasty experiments with 
plastics, met with failure and have 
consequently condemned all plastics 
tooling. 

While it is true that plastics resins 
must be compounded carefully and 
accurately, this task is well within 
the ability of the average toolroom 
worker. Also, the explicit working di- 
rections and technical assistance fur- 
nished by the resins formulators go 
far toward assuring the success of 
plastics tooling. 

The misapplication (and resulting 
failure) of a plastics tool usually oc- 
curs when the physical properties of 
the resin have been ignored by the 
engineer. Plastics for tooling are char- 
acterized by certain weaknesses which 
the engincer must take into account. 

For example, the temperature re- 
sistance of plastics is low. No plastics 
tool should be contemplated where 

continued on page 196 
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Design assistance from Blaw-Knox can cut unnecessary 
weight, improve the service life of your product 


One of the ways in which the skill of 
experienced Blaw-Knox steel foundry- 
men can be first applied to your prod- 
uct is in the construction of scale 
models of the finished steel casting. 
Coming at the preliminary design 
stage, scale models permit intensive 
study of ways of improving quality, 
eliminating weight, and minimizing 
machining. This design study, coming 
before master patterns are made, is 
conducted to uncover ways in which 
Blaw-Knox can add to the value of 
your product or reduce its cost. 
This practical design analysis, a 
feature of Blaw-Knox Steel Casting 
Service, is of invaluable assistance to 


designers and manufacturers. And be- 
cause Blaw-Knox, itself, is one of the 
world’s leading manufacturers of roll- 
ing mills and industrial machines, its 
steel foundrymen, from patternmaker 
to shipper, keep end-use requirements 
in mind every step of the way. 

If you are a designer or manufac- 
turer of a product using cast steel 
components, ranging from 50 pounds 
to 300,000 pounds, Blaw-Knox would 
like to send you a copy of our bro- 
chure which details the complete 
Blaw-Knox Steel Casting Service. 
Write to the Foundry and Mill Ma- 
chinery Division, 300 Sixth Avenue, 
Pittsburgh 22, Pennsylvania. 


This upper and lower cylinder blade ring for 
a steam turbine was cast and machined by 
Blaw-Knox. W eight— 55,000 pounds per half. 


BLAW-KNOX 


Stfee/ Castings 
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- «ls shape flexibility 


The investment casting proc- 
ess allows a new freedom of 
design ...in shape... in 
materials. You can now 
design for function—the way 
you want the part! 

This functionally designed 
instrument chassis was 
poured as an investment 
casting without design com- 
promise. Dozens of expen- 
sive and complicated ma- 
chining operations would 
otherwise have been re- 
quired. Check your design 
with Hitchiner—in many 
cases you can buy just what 


you want. Write for 


complete 
technical 
and facilities 
information. 











HITCHINER 


Milford 1, New Hampshire 
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process heat (or generated heat) be- 
gins to approach 200 F. At this tem- 
perature, resistance to abrasion begins 
to drop rapidly. 

Also, plastics are primarily in- 
sulators, thermal as well as electrical. 
Their inability to quickly conduct and 
disperse heat means that they are 
subject to spot surface temperature 
build-ups. In a plastics tool, this can 
result in distortion and eventual 
breakdown of the surface. 

The physical properties of plastics 
do not, of course, equal those of the 
metals normally used in toolmaking. 
The best plastics tool material will 
possess physical characteristics ap- 
proximating those of cast iron. Such 
a material will fail if it is set up to do 
the work of a medium-carbon forging 
quality steel. The engineer must be 
realistic and apply the basic formulas 
dealing with the strength of materials 
to each plastics tool application. 

The basic raw materials used in 

plastics toolmaking are a tooling resin, 
liquid is form; a catalyst or hardener, 
also liquid; and a filler. The type of 
filler used—steel or aluminum powder, 
silica, clay, glass cloth and so on— 
depends on the need for wear resist- 
ance and strength. 
“Plastic Tooling for the job shop,” by R. M. 
Radl, Advanced Programs, Fabrication Engineer- 
ing, Collin Radio Co, Cedar Ranids, lowa, pub- 
lished in The Tool and Manufacturing Engineer, 
10700 Puritan Ave, Detroit 38, Mich, January 
1961. 


Process control terms 


Provides a guide for understanding 

the terms used in process control 
theory and instrumentation. 
“Can You Define Process Control Terms?”’, R 
Horney, Ryerson Institute. Design Engineering, 
April 1961, 481 University Ave, Toronto 2, 
Canada. 


Metal cutting 


Investigation of discontinuous seg- 
mented chip formation leads into a 
discussion of the shear process. The 
author discusses the application of 
his conclusions about the © shear 
process to high speed machining. 
“Shear in Metal Cutting,” by F. L. Bagley, Jr, 
Watertown Arsenal. American Society of Me- 


chanical Engineers paper 60-WA-80, 29 W 39 
St, New York 18. 
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Do you have similar jobs? 


Thicknesses up to 2” and diameters up 
to 170” are readily PHOENIXSPUN from 
high strength al alloys, titanium, 
and exotic metals. Tolerances of plus or 
minus .005” are accurately maintained 
with this radically new and exclusive, 
heavy duty, powerspinning equipment. 
A wide range of con I spinning 
requirements can also be produced eco- 
nomically by the various PHOENIX Metal 
Processing methods. If your metal forming 
project involves outer space, 
electronic, nuclear or general 

industrial products contact 

us at once. 
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Write for information 
and new brochure. 


ARERR 
PHOENIXSPUN 
METAL PROCESSING 
PHOENIX PRODUCTS COMPANY 


4757 North 27th Street Milwaukee 9, Wis. 
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TRANSMISSION 


SELECTING ADJUSTABLE-SPEED DRIVES 
HP CHART FOR MECHANICAL DRIVES 
CUSHIONED STARTS FOR TOUGH LOADS 


LONGER LIFE FOR ROLLER AND SILENT CHAINS 
by H S Germond 


HOW CENTRIFUGAL CLUTCHES WORK 
by James E Ettorre 


FRICTION OF GEAR TEETH 
by G H Benedict and B W Kelley 


CRITICAL SPEEDS FOR VIBRATION 
by R F Wojnowski and T R Faucett 


DESIGN ABSTRACTS 


TRENDS: 


® Research in gearing has developed new ways to reduce wear. For example, 
the new tests described in this section of the Digest have resulted in fresh 
findings in contact and friction in gear-tooth surfaces. Meanwhile, important 
data, recently published, relate gear lubrication and wear: 

For instrument gears, self-iubricating bearing materials show superior wear 
properties; an X-ray technique developed by Battelle has provided a new equation 
for predicting oil-film thickness which will lead to new bearing designs; a promis- 
ing new ether fluid shows remarkable ability to lubricate gears and high-speed 
rolling-element bearings under extreme temperatures; polymer-thickened oils 
greatly reduce wear, according to preliminary data, and we should soon have 
more data on their load-carrying abilities. Greases with higher thickener content 
are also showing improved wear characteristics. 

Recent developments in belts and chains, meanwhile, offer new opportunities 
for miniaturization. For example: Tiny chains and sprockets in shaft sizes 
from 4 in. to ? in. are being molded to acetal plastics; a new timing belt that 
uses stock gears as sprockets is coming soon. @ 
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From: Technical paper 


HOW TO SELECT AN ADJUSTABLE-SPEED DRIVE 


The demand for better processes, tighter quality control, and 
optimum production calls for efficient ways to provide control- 
able-speed drive-mechanisms. The author discusses character- 
istics of adjustable-speed drives and presents parameters to 
be considered when specifying available types. 


E C WATSON 
Dc Motor Engineering, Motor Dept 
Westinghouse Electric Corp, Buffalo 


There is no magic formula for select- 
ing adjustable-speed drives. The choice 
is simply a matter of service and econ- 
omy and, in the final analvsis, the deci- 
sion is based on factors unique to each 
application. However, some guidlines 
can indeed be provided as an aid to 
proper drive selection. The most 
common adjustable-speed drives will 
be discussed here and, in most cases, 
the pertinent engineering factors will 
limit the choice to a few which can be 
resolved using economic factors. 

All drives discussed presume the 
availability of an ac power supply. In 
addition, the drives include the neces- 
sary conversion equipment to produce 
an adjustable speed. The most com- 
mon adjustable-speed drives are: multi- 


speed ac motor, wound-rotor ac motor, 
Rectiflow, constant-voltage dc motor, 
AV adjustable-voltage drive, AVR 
reactifier drive, and Magnaflow or elec- 
tromagnetic drive. 

Multispeed ac motor—Strictly speak- 
ing, this is not an adjustable-speed 
drive; it is an ac motor with a fixed 
number of speeds (usually two or four) 
and no adjustment is available be- 
tween steps. If fixed choices, not 
exceeding four, can satisfy the require- 
ments of the drive, then the multi- 
speed ac motor is usually the best 
economic choice. This drive is usually 
insufhcient for the more precise ma- 
chine tools requiring an adjustable 
speed. It uses the standard Westing- 
house Life-Line. This is a motor con- 


struction with multiple windings to 
secure the speed combination re- 
quired. The speed-torque relationship 
is shown in Fig 1. 

Wound-rotor ac motor—This is the 
standard wound-rotor motor. Speed 
control is obtained by varying the re- 
sistance in series with the secondary 
winding. Theoretically, the available 
speed range is wide. However, regula- 
tion is poor: light load conditions al- 
ways approach synchronous speed 
and, from a practical standpoint, the 
drive is limited to a 2:1 range. Efh- 
ciency drops with the speed since large 
amounts of power are wasted in the 
secondary resistance current, Fig 2. 

Rectiflow drives — The Rectiflow 
drive consists of a wound rotor ac com- 


= 


ie 
PERCENT SPtED 


1. MULTISPEED A-C MOTOR 
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ponent, a dc component mounted on 
or connected to the same shaft, and a 
rectifier which converts the ac power 
from the secondary to de for use in 
the dc armature. 

By varying the field excitation to the 
dc component, an adjustable speed is 
obtained. It can be designed to have 
torque capacity for either constant 
horsepower or constant torque ove 
the entire speed range. The field power 
supply can be modified to work on 
most signal systems of automatic or 
preprogrammed speed controls. A fixed 
low speed for jogging or creeping is 
obtained easily, using the de motor 
portion. Dynamic braking can be in 
cluded to help the drive slow down ot 
stop. The rotating components usc 
standard ac and dc motor construc 
tion, available in all standard enclo 
sures from drip-proof to totally en 
closed fan-cooled. The design features 
compactness, high efficiency through- 
out the speed range, good inherent 
regulation of 5 to 74%, and ease of 
changing speed (using a simple field 
theostat). The drive is normally lim- 
ited in speed range to 3/1 and cannot 
be used for regenerative loads, but 
dynamic braking can be added for 
quick slowdown features, Fig 3. This 
drive excels in efficiency over the en- 
tire speed range—80 to 90%. 

Constant-voltage de motor—this is 
a drive wherein a constant voltage dc 
power is supplied by motor-generator 
sets or rectifiers with, in some cases, a 
transformer. The motor is a standard 
de motor. Speed adjustment is ob 
tained by varying the field of the dc 
motor. 

Ihe drive provides constant horse- 
power torque capacity with slightly 
greater regulation than a standard dc 
motor, 10%. The limitation of the 
drive rests with the speed range avail- 
able from the dc motor which is usu- 
ally 4:1; special designs and ratings 
can be made for 6:1 and 8:1. The unit 
cannot be used for regenerative loads, 
if rectifiers are used for the conversion 
of ac to de power, but dynamic brak- 
ing can be included, Fig 4. 

AV _adjustable-voltage drive—The 
classic way of obtaining adjustable 
speed has been to use the adjustable- 
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3. RECTIFLOW DRIVE 


voltage drive. This utilizes a motor- 
generator set to supply de current to a 
de motor. Speed control is obtained 
by a combination of generator voltage 
control and motor field control. 

The adjustable-voltage system is 
flexible and modifications can be made 
in the control to adapt this drive to 
almost any adjustable-speed require- 
ment. The drive has average efficiency; 
it is not as high as other drives, but 
not as low as the wound-rotor or 
Magnaflow drives at low speed. It can 


2. WOUND ROTOR A-C MOTOR 


100 
PERCENT RATED ToRQUE 
RECTIFLOW DRivE 


be supplied in any enclosure of the d 
motor. By proper selection of the mo 
tor, both constant torque over th« 


voltage range and constant horsepower 
over the field control range can _ be 
obtained, Fig 5. 

AVR reactifier drive—The adjusta 
ble-voltage drive, using a static power 
supply, is called the type AVR or tr 
actifier drive. Power Magamps using 
silicon rectifiers provide the adjustabl« 
voltage supply 

In addition to the features of the 
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4. CONSTANT VOLTAGE D-C MOTOR 


9. ADJUSTABLE VOLTAGE D-C 
MOTOR 


motor-generator set tvpe drive, this 
unit offers 

e Higher cfhiciencv, approximately 

it top speed 

e Up to 50% less floor space than 
the m g sct tvpes 

e Requires no reduced voltage start 
ers since the circuit is closed on un 
saturated reactors. 

@ Reduced maintenance as a result 
of the static power supply. 


e Speed regulation provided by the 
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PERCENT SPEED 
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Magamp adjustable potential exciter 
is +5%. 

Ihe drive cannot be used on regen- 
crative loads, but dynamic braking can 
be included for slowdown and stop- 
ping, Fig 5. 

Magnaflow or electromagnetic drive 

I'he Magnaflow drive consists of a 
standard squirrelcage induction motor 
driving an electromagnetic coupling. 
lhe coupling has two rotating mem- 
bers and a field excited from a dc 


power supply. With one member 
driven by the ac motor, excitation of 
the field produces eddy currents which 
cause the other member to rotate. 
Varying the field strength changes 
the slip and hence the output speed, 
resulting in adjustable speed. 

The rotor, connected to the output 
shaft, has a large number of “inter- 
digitated”” poles of special shape to 
produce the most desirable torque 
characteristics. In order to avoid the 
use of slip rings and thus increase re- 
liability and reduce maintenance of 
the coupling, the field coil is mounted 
on the end bracket of the coupling 
and projects into an annular pocket in 
the rotor. The extra airgaps thus cre- 
ated, between the coil support and the 
inner and outer surfaces of the annular 
pocket, do not affect operation of the 
coupling. Significant eddy currents 
and torques are not produced at these 
airgaps because they are smooth and 
do not produce flux concentrations. 

Also, the stationary field coil ar- 
rangement necessitates supporting the 
rotor poles to the right of the coil 
from the poles to the left rather than 
directly from the rotor hub. This is 
accomplished without magnetically 
shorting the poles by the use of a non- 
magnetic metal support ring, inte- 
grally welded between the two sets of 
poles. 

The drum in which the eddv cur- 
rents, and hence heat, are generated, 
is used as the constant-speed input 
member to obtain maximum cooling, 
even when the output member is run- 
ning at reduced speed. The drum is 
finned in the case of aircooled coup- 
lings, but is smooth in the case of 
liquid-cooled couplings. 

Since good speed regulation is desir- 
able in the drive, the field excitation 
svstem uses a simple regulator which 
operates on a voltage signal from an ac 
tachometer integrally built into the 
coupling. This provides a speed con 
trolled to within +2% of maximum 
drive speed with a 75% load change 
ind with a long time drift of +1%. 
Special regulators are available to pro- 
vide speeds within +0.5, 0.25, and 
0.1%. 

A wide speed range is available since 
the limitation in minimum speed is 
dependent on the signal from the 
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tachometer generator; standard drives 
can be varied as much as 17 to 1. The 
control is simple, since the power re- 
quired in the field is low and modif- 
cations can be made in the circuit to 
incorporate any automatic or prepro- 
grammed speed variation. The speed- 
torque relationship is shown in Fig 6. 

The drive has the following char- 
acteristics: 

elt is not a torque multiplier, 
hence it can only transmit the torque 
of the ac motor, making it a constant- 
torque drive. 

e Because the coupling must dissi- 
pate the slip losses, (difference be- 
tween input and output horsepower) 
as internal heat, the drive is usually 
(above 15 hp) limited thermally to in- 
termittent duty at very low speeds 
unless external means of cooling, such 
as circulating water, are provided. If 
the drive must be enclosed, it may be 
necessary to use water for cooling and 
coupling. 


e Because of high slip losses at low 


speed, efficiency is low at full torque. 


As an aid in the proper selection of 
a drive, the following parameters 
should be considered: 

1 What speed range is necessary 
over the normal operating 
range? 

Is a low preset speed desired for 
jogging or creeping? Is creeping 
speed to be used for machine 
setup? 

What is the torque require- 
ment? (Is the drive constant 
torque or constant horsepower 
or a combination?) 

What enclosure is needed for 
the rotating member (motor), 
and for the control? 

What speed-control signal will 
be available—manual or auto- 
matic? If automatic, what kind? 
Is braking required? 

a) Regenerative (overhauling) 
b) Dynamic (soft stop) 

c) External (mechanical) 

Is multiple-motor operation re- 
quired (tracking)? 

Is parallel operation required 
(more than one motor on a com- 
mon load)? 

Is controlled acceleration or de- 
celeration a requirement? If so, 
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PERCENT SPEED 


100 200 
PERCENT RATED TORQUE 
MAGNAF LOW 


what rate of acceleration or de- 
celeration is needed; is it to be 
time- or torque-controlled? 

Is a speed regulator needed? Is 
close regulation necessary or de- 
sirable? 

What problems of maintenance 
should be considered in select- 
ing a drive? 

When assigning values to these 
points, care should be exercised—only 
the actual requirements considered. 
Approximating values lead to uneco- 
nomic costs. 

The speed range is matched to ac- 
tual drive requirements; consider the 
possibility of a limited operating speed 
range and a single low speed for setup 
and positioning. Often a drive with a 
smaller speed range will afford a more 
economic selection. 

Care is needed in selecting torque 
requirements. Many drives are con- 
stant-torque and unless the load re- 
quirements match this, an excess ca- 
pacity must be provided to supply the 
needs under the worst conditions. It 
is best to select the drive that will 


REFERENCE: 


6. MAGNAFLOW DRIVE 


most nearly match the characteristics 
needed. 

Most machine-tool applications re- 
quire some degree of enclosure or pro- 
tection. Not all available drives are 
fully enclosed. An enclosure with no 
greater protection than required leads 
to the most economical choice. 

The need for controlling .the rate 
of acceleration or deceleration is for 
the protection of either the driven 
equipment or the drive. For motor 
protection, the machine-tool design 
engineer can provide equipment best 
suited for the drive chosen. The speci- 
fication for the particular application 
should only list the requirements for 
protecting the machine tool if the 
most economical solution is desired. 

The cost of maintenance and opera- 
tion should always be evaluated. Cost 
of maintenance must include consid- 
eration of nuntber and kind of wearing 
parts such as brushes, relays, bearings. 
These factors are not always determin- 
able by the machine-tool builder, but 
can and should be considered when 
comparing various drives. 


“Selecting Adjustable Speed Drives,” by E. C. Watson, De Motor 
Engineering, Motor Department, Westinghouse Electric Cor- 
poration, Buffalo. Based on a presentation made at 24th Annual 
Machine Tool Electrification Forum, Pittsburgh, Pa., Apr. 26, 


27, 1960. 
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From: Company Bulletin Horsepower chart for 


MECHANICAL DRIVES 


For 0.5 to 500 rpm, 0.3 to 300 lb-in. torque and 6 to 600 lb-ft torque. 


Hp when 
torque is 
Rpm in lb-in 
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Hp when 0.20-4 
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.. pm x torque (lb-ft) _ rpm x torque (Ib-in.) 
Hp® ~“5252 Hp * ~“§3,025 








REFERENCE: 


Horsepower Nomogram for Motors and Transmis- 


sions. Published by Merkle-Korff Gear Co., Chicago. 
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er, 
5 TN shatt 
ey : 
ES Driven Shot 
aR Driving 


MYDRAULIC DRIVE transmits torque through DRY-FLUID COUPLING transmits torque when 


liquid driven by impeller against runner. 


steel shot is compacted by centrifugal force. 


CUSHIONED STARTS 


FOR TOUGH LOADS 


Shatt/ 


particles 


These “soft” coupling devices can give simple solutions 


Coil to many problems of acceleration and load-shock. 


MAGNETIC-PARTICLE CLUTCH controls bond be- 


tween rotating members by varying field. 


OFten a load will require starting and accelerating char- 
acteristics that can’t be matched by standard NEMA- 
design squirrelcage induction motors. One answer is a 
motor with speed-torque characteristics that can be con- 
trolled, such as de motors or wound-rotor induction mo- 
tors. But it is often more practical to interpose a torque- 
converting device between drive motor and load. Six basic 
devices are shown here. They are available in a variety of 
designs and ratings. 

Controlled torque is desirable when a starting shock may 
damage driven machinery, or interfere with its proper 
functioning or cause excessive wear; or when a high-inertia 
load would prolong low-speed, high-current operation of a 
direct-connected motor to an extent where the motor 
would be damaged. A torque converter permits the motor 
to accelerate in normal time while continuing to apply 
required torque to the load for its longer accelerating 
period. It is sometimes possible to use a smaller motor. 
Another advantage of torque converters: They function as 
torque limiters because excessive torque demands after the 
machine is operating at full speed cause slippage. Torque 
transients are damped, motor overloads can be prevented. 


The six types 


Hydraulic-fluid couplings have been developed in many 
forms. In simplest terms this type consists of a pump 
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(impeller) connected to the driving-motor shaft, a casing 
charged with a liquid and a turbine connected to the 
driven-load shaft. The pump produces streams or jets of 
liquid which impinge on the turbine runner causing it to 
turn. Power is transmitted by the liquid stream. There is 
always some slip—as little as 1% at top speed and full load. 
Slip depends upon load-torque requirements, motor speed 
and volume of liquid charge. Continuous slip of about 6% 
is permissible, while 100% slip is possible intermittently 
without overheating. 

Starting characteristics are excellent. The motor acceler- 
ates instantly to about ¢ its full-load speed, then smoothly 
accelerates over a longer period. The load accelerates in 
two seconds to five minutes. Top-speed efficiency is up 
around 97%. Since there is slip, there is some heat loss. 
Hydraulic fluid couplings are available up to 500 hp, 600 
to 6000 rpm. 


Dry-fluid coupling has two parts: housing connected to 
the motor, serving as driving member; rotor connected to 
the driven load. A measured amount of fine heat-treated 
alloy-steel shot is used as a fluid. This steel shot or flow 
charge is contained in the housing. When motor starts, 
centrifugal force throws the flow charge to the housing 
perimeter. It packs in between housing and rotor, trans- 
mits power from the driven housing to the rotor. The 
rotor is crimped to aid in engaging the compacted shot. 
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Armoture__ 
segment 


MAGNETIC-DISK CLUTCH depends on attraction 
between rotating magnet and armature. 





t 
Alinco _— 





magnets ~~ - 


/nternal__ 
rotor 











PERMANENT-MAGNET eddy-current drive reacts 
to its induced and permanent fields. 


When a certain speed is achieved, slipping stops and shot 
locks rotor and housing together. 

Coupling-torque capacity can be adjusted by changing 
the charge of shot—easily done on the job. Adding more 
charge increases coupling’s torque capacity. In this way 
you can vary time of acceleration and point when coupling 
will slip under overload. Curves on next page show three 
typical flow-charge settings. The maximum-duty setting 
takes advantage of motor breakdown torque for loads that 
are very hard to start. Minimum-duty setting— when 
sufficient to drive the load—gives less than rated full-load 
motor torque for especially smooth starts and close over- 
load protection. When used with settings above normal- 
duty torque, motor speed will be pulled down consider- 
ably below full-load. 

Torque capacity of dry-fluid coupling varies with input 
speed and, for practical purposes does not vary with out- 
put speed. When input speed is constant, the output 
torque will be substantially constant. Set to deliver a 
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Orum ring 


Coil > =F 1e/0 magnet 


EDDY-CURRENT COUPLING has poles excited in 
one member, current induced in other. 


certain torque, it will deliver this toque during the total 
time required to accelerate the load. This is one of its 
main differences from hydraulic-fluid drives. Another dif- 
ference: dry-fluid couplings are unaffected by temperature 
changes or atmospheric pressure. 

Running efficiency is 100% because there is no slip at 
full speed. Accelerating times vary from 1 sec to 8 min 
depending on coupling size and number of starts per hour. 
A thermal relay is available that operates a separately 
mounted control switch to shut down the motor if the 
coupling overheats. Couplings are available up to 1000 
hp, 500 to 3600 rpm. 


Magnetic-particle clutch uses a magnetic field instead 
of centrifugal force to compact the dry fluid—steel parti- 
cles—which transmit the torque. The clutch is controlled 
by adjusting the electric power that produces magnetics. 
The driving member is connected to the motor shaft, com- 
pletely enclosed in a housing connected to driven shaft. 
Driving and driven members are independently supported 
by stator bearings. The two members are separated by a 
space of constant dimensions containing the particles. 
Before exciting the stator coil, the particles offer little 
resistance to drive-member slipping. As control current 
is increased, shear resistance and bond strength of the 
particles increases. At full excitation for normal speed and 
load, the members are locked together, giving zero slip and 
100% efficiency. If limiting torque is exceeded, slipping 
occurs. Units are built to 250 hp, 600 rpm. 


Magnetic-disk clutch has a disk-shape electromagnet, 
usually mounted on the driveshaft, and a disk armature, 
usually on the driven shaft. Magnetism is supplied cither 
by a coil in the rotating magnet, fed through slip rings, 
or by a stationary coil across an ait gap. Magnet and 
armature have friction plates that are in contact when 
clutch is energized. By adjusting the energizing current it 
is possible to obtain a constant slip or a millisecond lockup. 
The device automatically compensates for friction-plate 
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EDDY-CURRENT-COUPLING curves at rated and reduced excitation indicate wide torque 
range obtainable. Excess torques are shown for accelerating constant and fan-type loads. 
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HYDRAULIC-COUPLING characteristics can 
be altered by adjusting the amount of fluid 
charge. Higher torque, within safe operat- 
ing limits, is developed at higher slip 
values. 








50 75 
Synchronous speed, % 


wear. Accelerating rate can be electrically adjusted, and 
with proper setting, clutch is torque-limiting. Different 
designs are available up to 200 hp and 10,000 rpm. Recti- 
fiers in the control unit provide low-voltage de for the 
magnet. 


Eddy-current coupling has two rotating members within 
a stationary housing. Member connected to the driveshaft 
corresponds to the stator of an induction motor. The mem- 
ber connected to the driven shaft behaves much like a 
rotor. A stationary, dce-energized field coil provides mag- 
netization, controllable by adjusting the energizing current. 
These couplings have excellent starting, accelerating and 
torque-limiting characteristics. There is always some slip 
(about 5%) and 100% continuous slip is permissible. 
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DRY-FLUID COUPLING permits selection of 
curve anywhere between max and min. 


Typical efficiency is 80 to 85%, with higher possible at 
top speeds. 

Permanent-magnet eddy-current couplings are made in 
the 1 to 15-hp range. Characteristics are similar to excited 
couplings, but simplicity has been gained by giving up 
control. Minimum running slip is 1%; continuous 30% 
slip is allowed. Efficiency is between 90% and 100%. 
These couplings are suited to reversing duty and motor 
plugging to brake the load. 


REFERENCE 
“Cushioned Starts for Tough Loads,” Norman Peach. Published 
in Power, Nov '60, p 80. 
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From: ASME Paper 


LONGER LIFE FOR ROLLER AND SILENT CHAINS 


In a chain drive, useful life of the chain can be brought nearer its 


theoretical value by closer attention to three wear factors in design 
of the drive. 


H S GERMOND 

Product development engineer 
Morse Chain Company 

Ithaca, NY 


Wear determines the useful life of 
most roller and silent chains. A chain 
which appears “stretched’’ is really 
worn at the joints. When wear has 
progressed until the chain runs noisily 
or roughly or breaks, useful life has 
ended. 

Wear life breaks down into two 
parts, wear limit and wear rate, which 
are related as follows: wear life (hr) 
= wear limit (% )/wear rate (%/hr). 
Proper lubrication and protection from 
contamination will cut wear rate. 
What about wear limit? 

The ultimate wear limit is a prop- 
erty of the chain itself. Most pre- 
cision roller-chain pins and bushings 
are case-hardened to a depth which 
allows about 34% wear clongation. 
After that, the softer core materials 
of the joint are exposed, and wear pro- 
gresses very rapidly. (Ultimate wear 
limits for silent chains differ some- 
what with different joint designs.) 

Three other limits depend on the 
proportions and arrangement of the 
chain drive. These limits, which may 
prevent the chain from reaching its 
full life expectancy, are the sprocket- 
wrap limit, the case-clearance limit, 
and the vertical-drive limit. 


Sprocket-wrap limit 

The number of teeth on the large 
sprocket determines one limit to use- 
ful wear life. Since chain-joint wear 
increases the chain pitch while the 
sprocket pitch remains the same, a 
mismatch develops. At one place on 
the sprocket the chain will mesh _per- 
fectly; at another place the worn chain 
will mesh poorly or not at all. Poor 
meshing usually occurs where the 
slack chain enters the large sprocket. 
The wear limit is reached when the 
mismatch is about half a pitch, and 
the chain tries to climb over or 
“jump” the sprocket teeth. Taking 
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up chain slack by adjusting shaft-cen- 
ter distance doesn’t increase this wear 
limit significantly. Reasoning and ex- 
perience indicate that this wear limit 
is inversely proportional to the num- 
ber of tecth in the large sprocket. 

Bartlett, in 1931, proposed that 
when roller chain elongates until the 
pitch diameter of the wrapped chain 
equals the outside diameter of the 
sprocket, the chain is no longer fit 
for use. Using ASA Roller Chain 
sprocket dimensions the wear limit in 
percent works out to about 183/N, 
where N is the number of teeth in the 
sprocket. 

By another theory the wear limit 
occurs when the pitch diameter of 
the worn chain exceeds that of the 
sprocket by an amount equal to one 
roller diameter. For most ASA roller 
chains this wear limit works out to 
about 196/N percent. 

These are convenient ways to ¢x- 
plain ficld observations. From strobo- 
scopic examination of a silent chain 
drive shown in Fig 2 comes a third 
rule. Because of wear, the chain was 
almost jumping sprocket teeth. ‘The 
point of poorest mesh was where the 
slack strand entered the large sprocket. 
Here the pitch line of the chain was 
well beyond the pitch circle of the 
sprocket. As a given chain joint 
moved through about 90 deg, the 
chain joint sank deeper between 
sprocket teeth and nearly coincided 
with the pitch circle of the sprocket. 
Thus, the chain appeared to spiral 
inward as it moved through about 90 
deg of rotation. At this point the 
chain meshed perfectly with the 
sprocket. 

These observations suggest the fol- 
lowing reasoning: 

1. Assume that the mismatch neces- 
sary to cause the chain to jump the 
sprocket teeth is half a pitch. 


2. Assume that the chain spirals 
from entry to perfect mesh over 90 
deg or N/4 teeth on the sprocket. 

3. Equate the wear clongation of 
the 90<leg segment to that necessary 
to cause mismatch and solve: 

+ (pitches) X me 50% 

} (pitch) 

or 
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N 
where N is the number of teeth in 
the sprocket. That is why sprockets 
with over 60 teeth restrict life. 


Percent wear limit = 


Case-clearance limit 


Normal wear-induced slack collects 
at the slack or unloaded strand. When 
clearance between chain and case is 
limiting, wear-induced slack eventually 
becomes large enough for the chain 
to strike the case. 

The catenary arc of the slack chain 
span is longer than the chord or tan- 
gent distance by the amount of wear 
elongation in both taut and _ slack 
spans, and the elastic stretch of the 
taut span due to the working chain 
pull (about 0.1%). Ignoring the 
small slack at installation and elonga- 
tion in the chain wrapping the sprock- 
ets, the length of the slack-chain arc 


1S: 
> wear + 
100% 


Are = TD + (2 x TD x 


0.1% = 
TD 
( 100% s ) 


where TD is the tangent distance of 
the free spans. 

The ratio of arc length to chord 
(or tangent distance) is: 


Are 
Chord 


This ratio and a table of propertics 


= 1.001 + (0.02 X % wear) 
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1. .SPROCKET-WRAP wear limit 
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3. .CASE-CLEARANCE 


rub against housing. 


wear 


for catenary curves were used to cal- 
culate Fig 3. Results apply to drives 
whose shafts are not steeply inclined 
from the horizontal and which have 
the slack on the bottom. 

When one or both of the sprockets 
have many teeth, the wear limit is less 
than shown. Addition of a sprocket- 
wrap correction will give a truer limit. 

Case-clearance limit shows that cen- 
ter-distance adjustment is not always 
necessary for maximum wear life, pro- 
vided there is enough case clearance. 
This is usually true of drives with 
shaft centers not steeply inclined or 
where backlash is not objectionable. 
Avoiding center adjustment eliminates 
a maintenance cost item. Where 
backlash is objectionable, centers are 
nearly vertical, or slack chain is in 
the upper span, adjustment becomes 
more important. Designing with lim- 
ited case clearance is one way to ob- 
tain an automatic warning that some 
other wear limit is near. It allows 
time for corrective action, such as ad- 
justing centers of a vertical drive, or 
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horizontal drives. 


replacing the chain where sprocket 
wrap limits chain wear. 


Vertical-drive limit 


Chain life is shorter for vertical 
drives than for horizontal drives. 
When the upper sprocket drives, the 
slack builds up where the chain leaves 
the lower sprocket. As wear progresses, 
the chain hangs freer and freer on the 
lower sprocket so that chain and 
sprocket don’t match perfectly. Fi- 
nally, the chain will jump a tooth as 
the mismatch approaches half a chain 
pitch. 

Equating mismatch to wear in the 
two spans plus stretch in the taut 
strand gives: 


25 
TD 
Fig 4 shows this graphically. 

Wear limit is lower for chain drives 
with 60 teeth in the upper 
sprocket, but the error is not more 
than 5%. Difference arises from 
neglecting wear in chain wrapping 


Percent wear limit = — 0.05 


OveCT 


20 
Number ot pitches in tangent distance 





2. .STROBOSCOPE SHOWS spiral pattern of chain. 
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Tangent 
distonce 


Slack 


30 40 50 


4. .VERTICAL-DRIVE wear limit is much lower than for 


the upper sprocket of the drive. 

Field measurements of chains which 
have actually jumped sprocket teeth 
have agreed within 5% of the com- 
puted wear limit. 

Contrary to appearances, the reverse 
situation, with the lower sprocket driv- 
ing is no less critical and predictable. 
The reasons are probably associated 
with torque reversals, load roughness 
or chain-strand vibration. 

Two ways to get longest chain life 
with vertical drives are to use largest 
possible chain pitch and to keep the 
shaft-center distance short. Wear 
limit may be raised by taking up 
slack through adjusting center dis- 
tances or with an idler, when center 
distance is fixed. 


REFERENCE: 

“Wear Limits for Roller and Silent Chain 
Drives” by H. S. Germond, Product De- 
velopment Engineer, Morse Chain Com- 
pany, Ithaca, NY. Presented at ASME 
Winter Annual Meeting, NYC, Nov. '60. 
Paper No. 60-WA-8 
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1. .BASIC CLUTCH has no spring preload. 
Bonded rubber bushings at ends of links 
absorb shock. When it is locked to both 
hub and link, bushing in hub substitutes 
for spring. 


Trailing Leading 


HOW CENTRIFUGAL CLUTCHES HELP 


Deceptively simple, they can do many jobs. For example, 


they ease high-inertia starts and—with only slight 


changes in design—they also guard against overloads 


and pulsating torque. 


JAMES E ETTORRE 
Assistant chief engineer 
The Hilliard Corp 


S wooth and automatic on starts, 
slip-free under normal loads, protec- 
tion against overloads—the centrifugal 
clutch is all three and more. Yet it is 
simple: the basic clutch consists of 
shoes linked to a driven hub inside a 
drum. As the hub spins, the shoes 
swing out against the drum. The 
faster the hub rotates, the harder the 
shoes press on the drum. 

Springs between the shoes, or be- 
tween the hub and the shoe, control 
engagement speed. A rubber bushing 
in torsion at the hub end of the link 
can substitute for the spring. At the 
same time the bushing isolates shock 
and allows misalignment between hub 





SYMBOLS 


ouud 


p = 





Slip horsepower 

Speed of rotation of hub, rpm 
Radial location of center of 
gravity of shoe assembly, in. 
Inside-radius of drum, in. 
Number of shoes per clutch 
Torque, lb-in. 

Weight of shoe assembly plus 
one link, Ib 

Coefficient of friction 
Apparent coefficient of fric- 
tion 

Angle that link makes with 
hub radius, deg 








and drum. 
CAPACITY 


Four things affect capacity—weight 
of the shoe, whether shoe leads or 
trails, the spring load on it, and co- 
efficient of friction between the drum 
and the shoe lining. 

Aluminum, cast or ductile iron, 
and bronze are the usual shoe mate- 
rials. Since centrifugal force varies di- 
rectly with weight, a heavier shoe 


presses harder against the drum and 
gives greater horsepower capacity. 

In a leading shoe clutch the link 
points from the hub in the direction 
of rotation (Fig 1). In a trailing shoe 
clutch the link points in the opposite 
direction. The leading shoe wedges 
tightly against the drum with a self- 
energizing action which allows it to 
transmit more power (Fig 2). The 
trailing shoe clutch has lower capacity 
but allows close control of the amount 
of overload that will cause slip. 

The same clutch has leading shoes 
when it rotates in one direction and 
trailing shoes when it turns in the 
other direction. Therefore, it has a 
different capacity in each direction. 
Clutches that require the same capac- 
ity in both directions have half-trailing 
and half-leading shoes. Capacity is % 
that of a leading shoe clutch. 

Spring preload added to the simple 
clutch changes capacity. Preloading 
shoes toward the drum raises their ca- 
pacity and keeps them engaged at zero 
speed. Preloading shoes away from 
the drum drops capacity, and holds 
the shoes out of engagement until cen- 
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2. .SPEED-HORSEPOWER CURVE for 9-in. 


coupling illustrates greater capacity of leading shoe 


design. 


trifugal force overcomes spring ten- 
sion. 


APPARENT COEFFICIENT OF FRICTION 


This coefficient is ratio of the tan- 
gential force at the drum radius to the 
centrifugal force of the shoe. 

Assuming a uniform pressure on 
the contacting surface and disregard- 
ing drum curvature, apparent coeffi- 
cient of friction yp», p/(l + 
wetn p) for a trailing shoe, and pe 
= p/(1 — pctn p) for a leading shoe 
(Fig 3). 


PERFORMANCE EQUATIONS 


Using an apparent coefficient of fric- 
tion from Fig 3, torque capacity 
T = 28.5 WRn? ua sr X 10° 
At the point of slip clutch horse- 
power 


HP = 28.5 WRn? uo sr X 10-*/63, 025 


TORSIONAL STIFFNESS 


Usually the best clutch to use is one 
with low torsional stiffness and good 
damping, because it softens the trans- 
mission of shock loads. 
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centrifugal 
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of drum 
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curvature of drum 
i 
Trailing shoe 
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Link angle p, deg 
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leading shoe. 
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3. .SELF-ENERGIZING ACTION makes ap- 


coefficient 


of friction higher for 


stort, sec 


wo 
Oo DD 
— WN 


Motor speed, rpm 


4. .INDUCTION MOTOR drives 


coupling which prevents overheating on starts. 
440 v power. 


200-hp type-B using 3 phase, 


a centrifugal 
Motor 
Fan has a 


fan through 
is 


WR? of 3000 lb-ft? and a friction loss of 15 hp. 


APPLICATIONS 

Starting high-inertia loads—A cen- 
trifugal coupling slips to let a squirrel- 
cage induction motor start against 
high-inertia loads without overheating 
(Fig +). Cost of the combination with 


an across-the-line starter is much be- 
low that of the alternative high-torque 
induction motor or wound-rotor slip 
ring motor with their starters. 

lhe clutch must be able to dissipate 
enough heat while slipping, so the lin- 
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Average slip horsepower 
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Time, sec 
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S..BURN-OUT time limits are for clutches listed in table, 


At time limit, 


lining temperature reaches 500 F. 


6. .MATCHING COUPLING to engine tor- 


que curve better equips engine to keep run- 


ning through overloads. 


ing won’t burn (Fig 5). Smoking is 
the danger point. A short period at 
high load can raise the lining tempera- 
ture to 900 F without smoking, while 
lower loads for longer periods can 
cause smoking at 500 F. 

Dual drives — Some important 
pumps, fans or generators have standby 
drives to take over in case the main 
drive fails. A centrifugal coupling en- 
gages when the standby is automati- 
cally started and disengages when the 
standby stops. Thus there is no need 
for clutch controls. 

Operator-controlled engines — With 
a centrifugal clutch the engine idles 
disconnected, then engages when ac- 
celerated. Engagement speed of the 
clutch must be high enough to allow 
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higher idling speeds during cold 
weather. 

Fig 6 illustrates the matching of an 
engine and coupling. Curves show cn- 
gagement speeds for two 9-in. clutches. 
Where a clutch curve the 
curve for the 4-cyl engine, the clutch 
will slip. If an engine with clutch B 
encounters a stalling load, it will slow 
down to about 1350 rpm, where the 
clutch will slip. The engine will con- 
tinue to exert just about its peak 
torque of 161 lb-ft. An overload will 
slow down an engine with clutch A to 
1000 rpm. At this speed the torque is 
only 146 Ib-ft, and the engine has 
less chance of overcoming the load 

Pulsating drives—The right-size cen- 
trifugal coupling can smooth out 


crosses 


800 900 10001100 1200 1300 1400 1500 16001700 180019002000 


Speed, rpm 


torque fluctuations such as shown ir 


Fig 7. Torque for this 2-cyl recipro 
cating compressor peaks at 2.65 times 
mean torque and even reverses once a 
cvcle. The coupling cannot transmit 
as much torque in the reverse direc 
tion, so it smooths reversals as well as 
the peaks. Similar reversals occur 
when starting up ball mills or swinging 
hammer pulverizers. 

Normal drives have periodic fluctu- 
ations about a mean torque. The 
broken lines in Fig 8 show how the 
fluctuations build up with resonance. 
When the torque reaches the clutch 
slip-level, the top of the peak is cut 
off. Not only does this limit the vibra- 
tion, it also changes the natural fre- 
quency to stop resonance. 
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7. .DIESEL-DRIVEN AIR COMPRESSOR 
has uneven torque cycle, which centrifugal 
clutch smooths out. 
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Mean torque 





Torque, Ib-ft 
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®. .SAME CLUTCH gives easy starts, or fast starts with adjust- 
ments. This one is a 6-in. clutch with three shoes. Curve A is 
for a direct coupling. 
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Time 
8. .RESONANCE builds up torque fluctuations, but clutch chops 
off peaks and changes natural frequency. 
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% Full-load current 
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10. SAME CLUTCH AGAIN, but this time 
curve shows current that the motor draws 
at the same clutch settings as in Fig 9. 
Type-B 3-phase motor rated at 10 hp drives 
a load of 50 Ib-ft*. 








4 





© 


Time after start, sec 


Machines like a mixer can stall and 


Overload or stall protection—The 
protection that a centrifugal clutch 
gives by slipping under overload is not 
enough for unattended machines. ‘Two 
ways to shut off the machine after 
overloading are by centrifugal switch 
or by thermal switch. A belt from the 
clutch drum drives the centrifugal 
switch. When the drums slows down, 
the centrifugal switch opens. ‘The 
thermal switch senses the heat gener- 
ated in the drum by the slipping 
shoes. 
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break free again. A timing relay added 
to the centrifugal switch delays shutoff 
long enough to bridge a temporary 
slowdown. 

Speed-limiting brakes — Centrifugal 
brakes limit falling speeds of winches, 
hoists, elevators and cranes. Since 
they are like a centrifugal clutch with 
a fixed drum, their speed limit is 
analogous to the clutch engagement 
speed. 

Gradual acceleration—Gentle starts 


keep textile machines from breaking 
threads or conveyors from dumping 
things. Figs 9 and 10 show how the 
same three-shoe 6-in. clutch can be set 
to give quicker or slower starts. Each 
is for a 10-hp, 3-phase, type B motor 
driving a 50 lb-ft* load. 


REFERENCE 

“The Centrifugal Clutch Coupling,” by 

James E. Ettorre, assistant chief engineer, 
Hilliard Corp, Elmira, NY. Presented 

at the ASME Winter Annual Meeting, 

NYC, Nov ’60. Paper No. 60-WA-173. 
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From: ASLE paper 


how various operating conditions affect... 
FRICTION OF GEAR TEETH 


Important new tests show that lubricant 
viscosity, load and sliding velocity are re- 
lated to gear-tooth friction. Results have 
led to a simple formula that can be a valu- 
able aid in gear design. 


G H BENEDICT 
B W KELLEY 
Caterpillar Tractor Co, Peoria, Ill 


Bn the analysis of gear-tooth surfaces, it has been fairly 
well established that when scoring occurs it is a result of 
welding, which in turn is caused by failure of the lubricant. 
This failure is believed to occur at a critical temperature, 
which is reached by frictional heating of the surfaces. 

Coefficient of friction is usually assumed to be constant, 
and some value is picked based on experience. When 
such a value is used to calculate the correlation of scor- 
ing and temperature-flash the value is reliable for gears 
of a given size operating in a rather limited speed range. 
When the speed range is extended, however, the constant 
coefhcient is no longer good enough, and more accurate 
information must be used to predict scoring failure. 

Tests were carried out with a gear-roller test machine 
(Fig 1) which simulates the rolling and sliding action of 
gear tecth. Results show that, in general, friction varies 
with lubricant, viscosity, load and velocity. 


Gear-roller analogy 


A common approximation for the profile of gear teeth 
is to assume that they can be simulated by circular arcs, 
lig 2, having the same radius of curvature as the gear teeth 
at the point of contact. All contact-stress calculations 
are made using this approximation. Also, the gear tooth 
surfaces have a tangential velocity which is constant for 
a given point on the profile at a constant gear speed. The 
velocities of the mating surfaces are in the same direction, 
and for a given pair of gears, always have the same velocity 
ratio at a point on the line of action; this is similar to 
the roller test with a fixed phasing gear ratio. By properly 
choosing speed, phasing gears, and roller diameters, any 
condition on the line of action of any gear pair can be 
duplicated exactly under steady state conditions. The 
essential difference between the rollers and gear teeth 
is that the tooth profile curvature is continually changing. 
and hence its velocity is changing, while in roller tests, the 
radii and velocities do not change. How important these 
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Test rollers 


Phasing gears 


2..GEAR-ROLLER TEST MACHINE simulates gear-tooth actibn 
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Distance along line of action 











2. .PROFILE OF GEAR TOOTH can be simulated by circular arcs. 


differences are is hard to guess. Differences arising from 
these effects, however, are considered to be negligible. 


Temperature measurements 


The thermocouple probe was lightly suspended in the 
oil film on the entering side of contact, Fig. 3, as close 
to the contact area as possible. The oil lubricant supply 
was on the outlet side to extract the maximum amount of 
heat from the rollers. 


Loads and speeds 


Each of four loads was applied at each speed setting. 
After a load was applied, the data was gathered by record- 
ing the friction torque and probe temperature several times 
as they rose to their maximum values. This procedure 
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3. .THERMOCOUPLE IS LOCATED as close as possible to test 
rollers. It was found that probe temperature was very sensitive 
to the heat-dissipation conditions on the roller surfaces. 


was repeated at about five driving speeds between 300 and 
8000 rpm for five phasing gear-sets which gave velocity 
ratios from 0.333 to 0.815. 


TEST RESULTS 


Figs 4 to 7 reveal how the friction coefficient is affected 
by various factors. 

Velocities are combined as sliding velocity (V.,, 
= V, — V,) and sum velocity (V,, inch/sec = V. + V;). 
The value of V, was always positive because V, was greater 
than V,. 


inch/sec 


ANALYSIS 


The type of lubrication and its effect on friction are 
illustrated in the typical hydrodynamic-lubricated curve. 
Fig 8. The parameter »«N/P is called the hydrodynamic 
parameter, and it evolved directly from Reynolds hydro- 
dynamic equations. It partially characterizes the state 
of lubrication in a journal bearing and is included in the 
Sommerfeld number—a more familiar parameter. 

Region B is a mixed lubrication region where part of 
the load is borne by hydrodynamic action and part by 
boundary lubrication. Most gear applications fall in re- 
gion B, but there are a few exceptions. Lightly loaded 
high-speed gears might reach full fluid-film lubrication and 
heavily loaded low-speed gears show signs of being in the 
boundary region. ‘These are the extremes, however, and 
in the results here and in gears normally used, mixed 
lubrication prevails. This concept of the transition from 
hydrodynamic to boundary lubrication or part metallic 
contact can be used to explain friction results. 

An equation can represent these test results. 


3.17 X 10s 
f= 0.0127 log an 
: . | a | 


A line calculated from the equation is drawn in Fig 9. 
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K=62 in4sec 4=4964 inkec 
+- SAE 30 ou 








4. . VISCOSITY, as indicated by oil temperatures, affects friction 
coefficient. 


K=62in/sec Vy= 646 in/sec 
SAE 30 oil 
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S..EFFECT OF LOAD on frictic 


Load= 2500 LB/IN 


.06 
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6. .EFFECT OF SLIDING VELOCITY on friction. 





sec 


Lubricant viscosity grades 


In this series of tests, a significant point is that there 
was no great difference in the friction of the different 
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SAE 30 Oil 


Key Load Vs Temp 
A 3750 145 210 
@ 2500 145 225: 
Mm 2500 216 150 





.05 


03 





Coeficient of friction 
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Sum velocity, Vz, in. sec 


7.. EFFECT OF SUM VELOCITY on friction. 


viscosity grades if coefficient is plotted against the inlet 
viscosity. It is concluded that the viscosity is the con 
trolling factor for like oils, and not viscosity grade. 


Conclusions 


in a gear contact, as simulated on a roller test machine, 
it has been shown that the instantaneous coefficient of 
friction follows the concept of transition from boundary 
to hydrodynamic lubrication. ‘The coefficient has been 
found to increase with increasing load, and to decrease 
with increasing sum velocity, sliding velocity and oil vis- 
cosity, where the viscosity is determined by the temperature 
of the oil entering contact and the viscosity-temperature 
characteristics of the lubricant. The results have been 
combined in a formula which closely represents the data. 
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8.. TYPICAL HYDRODYNAMIC-LUBRICATION CURVE 


section (B) of curve where most gear applications operate. 


shows 


When this formula is used in scoring calculations, the 
same type of U-shape load-speed curve is obtained as has 
been found on several gear test rigs. 

Speculation on the significance of this work questions 
whether, for instance, a state of lubrication should be con- 
sidered a cause of gear failure. If the lower coefficients 
obtained in these tests do represent a fair amount of hydro- 
dynamic support, and tests with known gear-blank temper- 
ature verify the critical temperature hypothesis, then the 
hypothesis will prove to be still valid for marginal hydro- 
dynamic conditions. 

REFERENCE: 

“Instantaneous Coefficients of Gear Tooth Friction,” by G. H. 
Benedict and B. W. Kelley, Caterpillar Tractor Co. ASLE 
Paper No. 60 LC-2, presented at the ASLE/ASME Lubrication 
Conference, Boston, Oct 17-19, 1960. 
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9. .EFFECT of logw (#o Vs Vi*?/W) on friction for all data. 
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CRITICAL SPEEDS FOR VIBRATION 


Here are curves that shorten calculations for two-bearing machines 


with overhung weight 


REYTON F WOJNOWSKI 


Applied science representative, IBM 
Rochester, NY 


CS ritical speeds of rotating machinery 
are speeds of maximum vibration, and 
therefore are critical for life also. One 
common configuration is an overhung 
weight—gear, grinding wheel, pro- 
peller—on a two-bearing shaft. The de- 
signer needs to know critical speed so 
that he can either avoid it or shift it. 


pe 


+. —- ——. —— 
Me ot 
A B 














SYMBOLS 


Fraction of shaft length be- 
tween supports 
Fraction of shaft length over- 
hung 

= Modulus of elasticity, psi 

= Gravitational constant, 
in. /sec? 
Moment of inertia, in.* 
Length of shaft, in. 
Ratio W/W, 
Critical speed, rpm 
(W w?/g EI)*!4 
Weight of end weight, Ib 
Weight of shaft, Ib 
Shaft deflection, in. 

= Circular frequency of vibra- 
tion, rad /sec 











REFERENCE: 

“Critical Speeds of Two Bearing Ma- 
chines with Overhung Weight,” by Rey- 
ton F. Wojnowski, applied science repre- 
sentative, International Business Machines 
Corp, Rochester, NY, and Thomas R 
Faucett, professor of mechanical engineer- 
ing, Univ of Missouri, Raila, Mo. Paper 
presented at Winter annual meeting of 
Ametican Society of Mechanical Engi- 
neers, NYC, Nov 60. Paper No. 60- 
WA-39. 
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THOMAS R FAUCETT 


Prof of Mechanical Engineering 
Univ of Missouri, Rolla, Mo 


The method shown below finds the 
first three critical speeds of a two- 
bearing machine with overhung weight 
on a shaft with uniform cross-section. 
It has two advantages: It is short be- 
cause of the charted parameters; it 
covers a wide range of cases, because 
the parameters are dimensionless. 
Critical speeds 

Assuming that critical speed and 
natural frequency are almost the same, 
critical speed 


y — 60 [ (pb) gEI w 
aa wl 


Computer solutions of the compli- 
cated equation which gives values for 


pL are showa in the graphs. These 


theoretical values check closely with 


measurements from a _ mechanical 
model for the first critical speed. At 
the second critical speed, errors show 
up and increase as the overhung 
weight becomes heavier and deflec 
tions larger. Although no comparisons 
have been made, the error is probably 
larger for the third critical speed. 
The reason for the errors is the dis 
regard of the angular inertia of the end 
weight as it rotates about an axis per- 
pendicular to the centerline of the 
shaft. Stated more simply, the disk 
is assumed to be rotating in a vertical 
plane, while it is reallv tilted. Since 
the common formulas for critical 
speeds rarely include rotary inertia, 
accuracy is up to usual standards. 
When the ratio of shaft weight to 





Ratio, bearing spacing / shaft length=o 
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(pl), for second critical speed 
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end weight exceeds five (N > 5), a 
simpler analysis can be made with 
small error by neglecting the end 
weight. 


° 





oO 
wo 


Displacement 

Between the bearings deflection 
V; C, sin px + C, sinh px. 

Along the overhang deflection y. = 
D, sin px + D, cos px + D, sinh px + 
D, cosh px. 

In terms of D, the constants are: 


N=50 
32 
2p, 
08 

WT 72 
TTTH 


° 
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° 
GN 


° 
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C, = —D,/(sin apL) 
C; = D,/(sinh apL) 
D, = [Dy cos bpL + cosh bplL + 


sinh bpL (ctnh apl, — etn apL))/ 
(sinh bpL + sin bpL) 


° 
> 


Oo 
ioe) 


D, =—Ds, 


D; = |—D, cos bpL + cosh bpL + 
sin bpL (ctn apL — etnh apL))}/ 
(sinh bpL + sin bpL) 


EXAMPLE: What are the first three 
critical speeds and their corresponding 
displacement curves for a 3-in.-dia steel 
shaft if L = 10, W = 100 anda = 


0.3? 


Ratio, bearing spacing /shaft length=a 
°o 
on 


oO 
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° 











o 
o 


Solution: Steel weighs 0.283 Ib/in.’, 
so W, = 266 lb. For a = 0.3 and 
N = 100/266 = 0.375, the graphs 
give (pL), = 1.80, (pL). = 5.40, and 
(pL), = 9.43 which drop into the 
equation for critical speed. 
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310 rpm 
N« = 2790 rpm 
V.3 = 8460 rpm 
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Data necessary for calculating nor- 
mal elastic curves for the three critical 
speeds and the curves plotted from 
them are shown below. 
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Ratio, bearing spacing /shaft length=o 
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(pL), for third crilical speed 
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Second mode 


Third mode 
C; C; dD, D: Ds Dg 
05 —1.00D, 0.411D, 2.14D, —D, —1.02D, +D, 
—3.24D, 0.118D, 5.09D, —D, —1.0D, +D, 








Position along shaft X/L 
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CAPACITY OF BEVEL GEARS 


The problems of the load-carrying 
capacity and the comparative strength 
of various bevel gears, machined on 
modern machines in particular, have 
not been studied sufficiently, which 
to a considerable degree shows up the 
further improvement of machine tools 
and bevel gear manufacturing meth- 
ods. 

This article gives the results of ex- 
perimental investigations of various 
types of bevel gears, carried out in 
the gear strength laboratory of the 
Leningrad Council of National Econ- 
omy. 

“Lood Carrying Capacity of Bevel Gears, V D 
Lipovtsev, Machines and Tooling, published by 
Production Engineering Research Association of 
Great Britain, Volume No. XXXI 1960, issue 


No. 5, Melton Mowbray, Leicestershire, Eng- 
land. 


+ 


Two-impulse mechanisms 


This article describes two-drum 
programme control mechanisms for 
work table movements, in which only 
two impulses are required to select any 
coordinate from a given programme, 
the impulses being obtained from two 
slots, one on each drum. These 
mechanisms are simple, cheap, quick 
acting and reliable in operation, and 
have been used on the programme 
controlled jig boring machines which 
received a gold medal at the World 
Fair in Brussels. 

“Two-lmpulse Mechanisms for the Programme 
Control of Work Table Movements,” M Kh. 
Moldavskii, Machines And Tooling published by 
Production Engineering Research Association 
of Great Britain, Melton Mowbray, Leicester- 


shire, England, Volume No. XXXI 1960, Issue 
No. 5, 


* 


Effect of gear errors 


Differential gears are used in a great 
number of machines. When used 
purely for power transmission the first 
requirements of a differential gear are 
strength and efficiency. However, 
when differential gears are used in 
transmissions on which the working 
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accuracy of a machine depends, for 
instance, in the generating mechanism 
of a gear cutting machine, the first re- 
quirement is then the operational ac- 
curacy. 

The problems discussed in this 

article are the effects of gear manu- 
facturing errors, and differential gear 
assembly errors, on efficiency and ac- 
curacy. 
“Efficiency of Gear Errors on the Efficiency of 
a Differential Gear, V A Romanov, Machines 
and Tooling, Production Engineering Research 
Association of Great Britain, Volume No. XXX! 
1960, Issue No. 5, Melton Mowbray, Leicester- 
shire, England. 


* 


Tension variations in v-belts 


A detailed study was made of the 
various physical phenomena involved 
in the establishment of the belt ten- 
sions in a V-belt drive operated at 
high speed and under a torque load 
while the pulley-center distance is 
held constant. In the course of the 
study the equation of the belt curve 
between pulleys is derived and this 
equation is then integrated to give the 
free length of belt included between 
the pulleys. Experimental results are 
given and indicate excellent agreement 
between predicted and measured ten- 
sions. 

“Tension Variations in V-Belts Applied to 
locked Center Drives,” K G Hornung, S M 
Marco, W L Starkey, Ohio State University, 


ASME paper 60-WA-307, ASME, 29 W 39th 
St, New York 18. 


* 


Lubrication for tough loads 


Air-oil technique—airborne oil as a 
lubricating medium is really an appli- 
cation of the aerosol idea. Aerosol 
lubrication systems are generally fully 
automatic. They have successfully pro- 
vided a uniform oil flow to groups of 
bearings originally designed for either 
oil or grease. Applications: sliding and 
rolling-contact bearings, rollers, chains 
and gears. 

Principle behind the air-oil mix is 
simple: atomization of the oil, then 
distribution of air-in-oil mixture 


through tubing to bearing surfaces. A 
moving shaft within the bearing ac- 
tually knocks oil out of air stream, 
depositing it as a film between shafts 
and bearing. Oil separates from the 
mixture only when it hits moving sur- 
faces. 

Latest twist on this oil-air concept 
makes possible dispensing airborne 
lube oils in viscosities ranging from 
1000 to 25,000 ssu at 100 F. How is 
it done? Simply by putting a unit 
heater in the oil reservoir, adding a 
separate heater to warm incoming air 
to 300 F. Preheating air permits 
atomization of heavy lube oils, and 
heated air then carries atomized oil 
particles to point of application. Ex- 
ternal air-to-rod heat exchanger is 
supplied from a 220-v single-phase 
source. Thermostatically controlled, 
it maintains temperature from 100 to 
300 F. 

“Lubrication . . . for tough loads on gears, 


bearings get fresh thinking”, Power, Oct 1960, 
330 W 42 St, NY. 


» 


Hobbing and gear design 


Deals with hobbing and the in- 
fluence it has on gear design. Dis- 
cusses some questions a gear designer 
should ask when he designs a gear. 
“Hobbing Versus Gear Design,” M. E. Samvel- 


son, Barber-Colman Co. Society of Automotive 
Engineers, Inc., 485 Lexington Ave, NY 17. 


* 


Effectiveness of inhibitors 


Nineteen antibacterial agents were 
studied in varying oil-water ratios of 
the same soluble oil emulsion-type 
metal cutting fluid. It was noted that 
the oil-water ratio can have a pro- 
found effect on the antimicrobial ac- 
tivity of these inhibitors and that a 
1-40 dilution is the most difficult to 
inhibit. The amount of compound 
required to inhibit rises sharply as 
dilutions are increased from 1-10 to 
1-40. This amount decreases slightly 
as the dilutions approach 1-70 and 
then fall off in a 1-90 dilution. 

Only one compound, 1-bromo- 

continued on page 223 
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Sier-Bath g 


ives you MORE 


for every GEAR DOLLAR! 


(‘com RANGE and sexnees 


Bevel Gears, Straight and Coniflex, 
2” to 24” 0.D., depending on ratio, 
3 to 32 Pitch. 


Miter Gears, 2” to 17” 0.D., 3 to 32 P. 
Spur Gears, 2” to 48” 0.D., 3 to 48 P. 
Helical Gears, 2” to 48” 0.D., 3 to 48 P. 


Ground and Crown-Ground Helical and 
Spur Gears to 12” 0.D., 4 to 48 P. 


Other — Tooth Spur Gears to 17 
0.D., 4 to 16 P 


Worm Gears, 2” to 48” 0.D., 3 to 32 P. 
Worms to 12” 0.D. by 36” long. 
Ground Thread Worms to 6” 0.D. 


Herringbone Gears, to 36” 0.D., 3 
to 24 P. 


Instrument Gears, 1” dia. up, to 48 P. 
Internal Gears, 2” to 36” 0.D., 4 to 
48 P. 


Involute and Square Splines, ground 
ae unground to 16” 0.D. by 36” 
jong. 


Shafts, splined and pinioned to 60” 
long. 


Internal Helical Broaching to 24” 
Diameter of Blank. 


Precision Hobbing, Shaving, Grinding 
of all materials. 


Gear Boxes custom designed and mfd. 


Sier-Bath 








PRECISION 


GEARS 


More gear engineering services. 
Free consultation is provided by 
Sier-Bath gear engineers to study 
your gear applications — improve 
designs — survey gear requirements 
— give engineering assistance before 
and after installation, at your plant 
or in the field. 


More efficient gear designs. Your 
gears are made to the ONE best 
gear design for your particular 
application. 


More accurate gears. Sier- Bath 
gears are interchangeably accurate 
— frequently in the master gear 
accuracy range, if required. All 
measured tolerances rigidly checked 
on the most modern gear testing 
equipment ever assembled under 
one roof. 


More economical gears. Sier-Bath’s 
highly efficient gear designs and 
manufacturing methods bring you 
longer-lasting gears at no greater 
cost — often at less cost. 


More advanced gear-making facilities. 
Sier-Bath’s extensive, ultra-modern 
gear-making and testing equipment, 
and advanced gear technology, are 
unsurpassed anywhere. 


More sales advantages for your 
machines. Sier-Bath gears can 
place your machines far ahead of 
competition by permitting heavier 
loads in smaller, lighter housings — 
higher speeds — quieter operation 
— increased production — longer 
gear and machine life. 


Your company can have these benefits by sending us gear drawings —or requesting 
a Sier-Bath gear engineer to call for discussion. Write on company letterhead for 


36-page comprehensive Gear Manual 


Sier- Bath GEAR and PUMP C0., Inc.. 9238-8 Hudson Blvd., North Bergen, N. J, 


Also manufacturers of Rotary Pumps and Flexible Gear Couplings 


Founded 1905 
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BEAVER BALL SCREWS 





Part of the Secret of Their High Precision! 


Tolerances close as .001” maximum error in 10 
feet of ball nut travel are not uncommon in 
Beaver Ball Screws. Spring rates in excess of 20 
million pounds per inch are not exceptional. 
They’re specified where system stiffness that 
permits accurate locating and repeatability, 
free from backlash and surge, is essential. 90% 
(plus) efficiency with consequent low power 
requirements, compactness and reliability are 
inherent Beaver characteristics. That’s why 
they are used in actuating vital aircraft parts 


CONVERTS ROTARY, 


ng — 
LCCC, sn eed el «gl LE, 


SPECIFIED BY 22 MAJOR MACHINE TOOL MANUFACTURERS 
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and head slides and tables of precision machine 
tools as well as critical functions in other capital 
equipment. 

Beaver Ball Screws provide for the moving 
of massive loads or extreme small parts such as 
fuel metering devices with equal sensitivity. 
Our engineers will be glad to consult with you 
in determining where they may serve better 
than hydraulic, pneumatic or acme screw actu- 
ation in your. product. Write for our catalog. 


» 
| Largest 


manufacturers 
of precision 
pall screws 


Yeaver 
Drecision 


§ Droducts 
INC. 
4 CLAWSON, MICH. 
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GOODVEAR EXCLUSIVE! 
1D YOUR SIGN OF V- 


Goodyear V-Belts’ precision matching 

comes from this exclusive close-tolerance 

matching equipment that length-codes each belt 

to 1/32”. Most other belt manufacturers code 

only to 1/10”. 
Goodyear V- Belts’ precision 
matching assures standout 
performance. Example: only 28 
CoMPASS-V-Steel Belts handle 
this big steel saw, normally call- 
ing for 42 belts. Result : the steel 
mill saved $500 at the original 
installation — will save more at l 
every belt change. he 
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THE GREEN@SEAL 
BELTS CODED T0 1/32 


Here’s your assurance that every belt in 
a set matches in length—pulls together for 
maximum trouble-free horsepower hours 


What’s more, the Green Seal means = 


Dimensional stability that lasts the life of the belt—thanks to 
shrink- and stretch-resistant “muscles” of 3-T Process Cord or 
airplane-type steel cable built into each belt. 


Satisfactory performance even when subjected to dampness — 
because of special mildew-inhibited compounds. 


The most complete line of V-Belts anywhere today — always 
within easy reach through a nationwide network of distributor 
stocks. 

The proper selection of V- Belts to meet your requirements with 
the help of the G.T.M.— Goodyear Technical Man — America’s top 
belting specialist. 


So make the GREEN SEAL your sign of savings—in both time and 
money—by calling your Goodyear Distributor. Or write Goodyear, 
Industrial Products Division, Akron 16, Ohio. 


Lots of good things come from 


GOODFYEAR 


INDUSTRIAL PRODUCTS 


Green Seal, Compass—T. M.'s The Goodyear Tire & Rubber Company, Akron, Ohio 
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DYNAMIC PC 
FORD CLUTCH 


EXTRA THICK FACINGS GIVE LONGER LIFE 


Rockford Clutches have maximum thickness 
facings . .. up to 1/32” more friction material. 
Only the highest grade materials are used. 
Rockford’s extra long-life facings reduce scoring 
and greatly cut costs of downtime, replacement 
and labor. 


TORTURE PIT TESTING ASSURES 

SAFE OPERATION 

Torture testing pits burst clutches to bits! At 
specified intervals, clutches are removed from 
the production line to undergo severe centrifu- 
gal tests. These clutches are spun to destruc- 
tion but must withstand predetermined high 
speeds and specified time limits. 


STRONG CONSTRUCTION WITHSTANDS 
RUGGED SERVICE 


Corrosion resistant discs are made of high car- 
bon spring steel. Heat treated cast iron im- 
proves grain structure of pressure plates. Strong 
construction is Rockford’s key to long and 
rugged service. 


VIBRATION-FREE CLUTCHES OFFER 
SMOOTHER ENGAGEMENTS 


Smooth engaging Rockford Clutches are vibra- 
tion-free! Rockford Clutch eliminates vibration 
through dynamic and static balancing. Clutch 
vibration can ruin bearings and crack housings. 
Minimum inertias prevent gear clashing and 
delayed shifting. 


PRECISE PRODUCTION MEANS 
PRECISE PERFORMANCE 


Each Rockford Clutch component is precision 
built. Rotary surface grinding assures uniform 
thickness. Discs are checked carefully for dish 
and run-out. Inspectors check close tolerances 
for flatness by pressure and weight-drop drag 
machines. 


If you need clutches for original equipment or 
for replacement, Rockford Clutch offers the 
highest quality in power control. From re- 
search to inspection, Rockford Clutches are 
designed and built for long, rugged and reliable 
service. Rockford offers an ultra-wide range of 
power controls for all industries. Write today 
for illustrated brochure. 


ROCKFORD CLUTCH B& eosin 


oF 
209 CATHERINE STREET, ROCKFORD, ILLINOIS ] BORG- 


WARNER 
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DESIGN ABSTRACTS continued 
l-nitropropane, was effective in the 
same concentration in all oil-water 
ratios while 2,4,6-trichlorophenol was 
most markedly affected by differing 
oil-water ratios. Three outstanding 
nitro-parafin, derivatives, 2-nitro-2- 
methyl-l, 3-propanediol, _2-nitro-2- 
ethyl-1, 3-propanediol dipropionate, 
were demonstrated in this investiga- 
tion but in general, sodium ethyl mer- 
curi thiosalicylate appeared to be the 
most effective inhibitor studied. 

“The Relationship Between the Oil-Water 
Ratio and the Effectiveness of Inhibitors in Oil 
Soluble Emulsions”, V Carlson and E O Ben- 
nett, Department of Biology, University of 


Houston, Lubrication Engineering, December, 
1960, 404 N. Wesley Ave, Mount Morris, Ill. 


* 


Lubricants for 
high-temperature applications 


As part of a program of developing 
lubricants and lubrication techniques 
for high-speed ball bearings operating 
over the temperature range from room 
temperature to 1200 F, candidate 
lubricants were screened in a high- 
temperature, high-speed, rolling-disk 
apparatus. Finely divided, inorganic 
solids suspended in a gas carrier were 
the principal lubricants selected for 
the screening evaluations. In order to 
choose a small number of the most 
promising compounds from this large 
group of materials for evaluation, selec- 
tion criteria were established and ap- 
plied. These criteria included some 
of the physical properties which have 
traditionally been considered impor- 
tant lubricant characteristics. In ad- 
dition, thermodynamic calculations 
were used to judge the probability of 
chemical reaction between prospective 
lubricants and the substrate materials. 
“The Use of Free-Energy Relationships in the 
Selection of Lubricants for High-Temperature 
Applications,” F. K. Orcutt, H. H. Krause, C. M. 
Allen, Battelle Memorial Institute. American 


Society of Mechanical Engineers, 61-LUBS-14, 
29 W 39th St, NY 18. 


Air lubrication— 
a development tool 


The advantages of air lubrication , 


and positioning are applied to devices 
and systems in the early stages of their 
development. It is during these pre- 
liminary evaluations that the feas- 


continued on page 232 
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Design 
Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 


Many designers find a ready answer 
to precise control of linear motion in 
machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 


They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They are also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 





and maintenance is no problem. 

These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 

To learn more about how Duff- 
Norton Worm Gear Jacks may be 
used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli- 
cations. Ask for AD 66DD. 


DUFF-NORTON COMPANY 


Four Gateway Center - Pittsburgh 22, Pa. 


DUFF-NORTON JACKS 


Ratchet « Screw 
Hydraulic « Worm Gear 


DAF F — ie 
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COFFING HOISTS 


Ratchet Lever « Air 
Hand Chain « Electric 
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HOW TO GIVE ON-THE-NOSE GUIDANCE TO MODERN “FISH” 
UNIQUE N/D LINEAR MOTION BEARING FREES GYRO CAGING ACTION 


The bearing illustrated is an N/D linear motion precision instrument ball bearing. It was 
specially designed and built to help solve a critical problem in the guidance system of a 
high speed anti-submarine torpedo. 


PROBLEM: Loss of accuracy in torpedo’s guidance system due to hang-up of caging arm 
in gyro assembly. 


SOLUTION: N/D Sales Engineer, in cooperation with manufacturer, found that wear of 

bushing on caging arm caused hang-up, delaying guidance activation. N/D Engineers 

set to work to design and build an instrument bearing that operates virtually friction- 

free. The result: Preservation of the guidance system's pin-point accuracy and reliability. 

Should you require ball bearing design information, invite the local N/D Sales Engineer to 

participate in your early design discussions. He represents one of the industry's largest This special N/D linear motion 
engineering staffs devoted exclusively to the design and development of 7 instrument ball bearing increased 
miniature and instrument ball bearings. Or, write for new Miniature and guidance reliability of ASTOR 
Instrument Ball Bearing Catalog, Department L.S., New Departure, Division torpedo weapon system devel- 
of General Motors Corporation, Bristol, Connecticut. oped by Westinghouse. 


NEW DEPARTURE 


MINIATURE AND INSTRUMENT BALL BEARINGS 
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Quality of ANGLgear construction is evident in cutaway view. ANGLgear gives you all the 
features of other drives, plus greater hp range (% to 5); permanent lubrication; and 
Coniflex* design gears for more even load distribution, reduced wear, quieter operation. 


ANGLgear—introduced in 1951— 
is the original standardized right- 
angle drive. It is also the No. | 
product in its field — in sales, 
availability, quality, performance. 
Witness the thousands of satis- 
fied customers who have bought 
ANGLgear to date — for applica- 
tions ranging from simple manual 
control of valves to classified 
installations aboard nuclear sub- 
marines. 


In design and _ construction, 
ANGLgear has been refined to 
the point of being virtually fool- 
proof, provided it is not grossly 
overloaded. Take a unit off the 
shelf, install it, run it—for years. 


*Trademark of the Gleason Works 


And attention is seldom required. 


Besides being maintenance- 
free, ANGlLgear is also easy to 
design into your power transmis- 
sion systems because of its univer- 
sal mounting feature. And it 
invariably costs less than other 
types of drives. ANGLgear is 
distributed nationally and is avail- 
able immediately from local 
distributor stocks in the models 
listed here. Special sizes, special 
gear ratios, etc., can also be fur- 
nished. For complete engineering 
data, contact our local distributor, 
or write direct for new Catalog 
IA-58. ENGINEERS: Write for 
free ANGLgear design templates. 
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There is only one ANGLgear... 
and it is made only by Airborne 











ANGlLgear is available from local distributor stocks in 4 
sizes, 16 models, with various gearing and shaft options. 





BASIC MODEL DATA 





Ultimate 
Static Torque 
ft. ia. 
Outpet Shaft 





1:1 


250 





2:1 


250 








2:1 





1:1 





2:1 








2:1 








2:1 








2:1 





1:1 





2:1 








2:1 


























<< @IRBORNE =~. 


Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES CORPORATION 


HILLSIDE 5, NEW JERSEY 
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Only Twin Disc can offer you 





unbiased recommendations 





on the application of power 
to industrial equipment...with 


Friction Clutches, 
Fluid Couplings, 
Single-Stage or 
Three-Stage 
Torque Converters, 
Transmissions and 
Universal Joints 


ENGINE TO AXLE WITH... 


TWIN DISC CLUTCH COMPANY + RACINE, WISCONSIN 
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Most versatile 
transmission 
ever developed! 


With these standard 


SPRING REACTION ARM 


Incorporates a series of leaf 
springs which provide pro- 


FRICTION REACTION ARM 


A spring-loaded friction clutch 
combined with the reaction 


MANUAL FRICTION CLUTCH 


Permits manual engagement 
and disengagement of the 


arm assembly. Designed to unit. Provision is made for 
slip at a preselected torsional adjusting the clutching pres- 
overload. Restores normal sure as well as compensating 
operation automatically when for wear. 

overload ceases. 


gressive overload capacity, 
reduce shock loading, and 
prevent internal damage to 
the unit. 


A mechanical at- 
tachment—sep- 
arately mount- 
ed—which pro 
vides complete 
disengagement 
when a prese 
lected torque is 
exceeded. 


TORQUE RELEASE ASSEMBLY TYPE “A” 


A mechanical attachment— 
integral with reaction arm— 
which provides complete dis- 


Mechanical modification of 
the electromagnetic clutch 
assembly to provide auto- 
matic disengagement when a 


re- 
engagement when @ Pp preselected load is exceeded. 


selected torque is exceeded. 


” ail 


re ee 
= SUR AO DNS —. 


Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES CORPORATION 
HILLSIDE 5, NEW JERSEY «+ Offices in Los Angeles and Dallas 


PRODUCT ENGINEERING - SEPTEMBER 4, 1961 


PATENTED 


ELECTROMAGNETIC CLUTCH 


This modification of the 
manual friction clutch pro- 
vides remote control of the 
unit by means of solenoid 
actuation. 


DIRECT MESH ATTACHMENT 


Permits 2-speed operation 
through a manually operated 
clutch mounted on reaction 
hub, 


For complete infor- 
mation, write for 
Catalog IR-61 or contact 
our nearest office 
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DeVlieg selects Bendix Flmag clutches 
for trouble-free operation, flexibility 


The Bendix Elmag (electromagnetic) friction and tooth 
type clutches are simple, compact, and easy to install. 
They have no external shifting mechanism; deliver 
greater torque than mechanical clutches of the same size. 


“We've standardized on Bendix Elmag multiple disc 
clutches in the bar feed assemblies of our series ‘H’ 
Spiramatic Jigmils® for some very good reasons,”’ says 
Mr. Richard Jerue, DeVlieg Vice President in Charge 
of Engineering. “‘The Elmag has always given us 
smooth, trouble-free performance. And its simplicity 
gives us flexibility in locating the control where it will 
be handiest for the operator. The clutch’s compactness 
also permits easy shielding for added protection.”’ Tape- 
controlled DeVlieg Jigmils are equipped with a second 
disc clutch, plus two tooth-type Elmag clutches used 
on positioning drives. 


Bendix-Elmira 


Eclipse Machine Division 
j Eimiro, New York 
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Because they save space (or provide added torque in 
the same space), and have less or no idle torque, 
Bendix Elmag clutches have growing appeal to the 
design engineer. Give your machine designs these 
performance advantages—write for complete details. 


“TRADEMARK 


THIS BENDIX ELMAG CLUTCH 
EKE 4-S-24 is used in 
DeVlieg Spiramatic Jigmil. 
Multiple disc clutches are 
available in torque capac- 
ities of 10 to 16,000 ft.-lbs. 
(Bendix tooth clutches also 
available from stock—40 
to 4,000 ft.1b. capacities. ) 
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DIAMOND CHAIN COMPANY, INC. 
rs 


naman f emame © 88 
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Write for New DIAMOND 
CATALOG No. 760 


Just off the press. DIAMOND Stock 
Roller Chain, Sprocket, and Coup- 
ling Catalog No. 760 gives all the 
new horsepower ratings. Catalog 
760 also contains full data on four 
important new DIAMOND Roller 
Chain Products: Micropitch, Dura- 
Weld and Tuf-Flex chains and Hi- 
Cap flexible couplings. 


For Example: 


Former ratings for 1 inch pitch roller chain permitted sprocket speeds up to 
1160 RPM, whereas the new ratings include speeds up to 2800 RPM. Similarly, 
rated horsepower capacities formerly did not exceed 49 HP, whereas the new 
ratings exceed 150 HP. New, higher ratings mean that DIAMOND roller chains are 
capable of more work, will last longer (thus, cost less to operate) than heretofore 
considered practical. You now have more opportunities to specify high-efficiency 
DIAMOND Roller Chain drives . . . both in new equipment designs and in modifica- 
tions of existing equipment. Write today for new D1amMonp Catalog No. 760 
It contains all the new ratings as established by the Association of Roller and 
Silent Chain Manufacturers, of which DIAMOND is a charter member. 


DIAMOND CHAIN COMPANY, INC. 


A Subsidiary of American Steel Foundries 


DEPT. 443 - 402 KENTUCKY AVE. 
INDIANAPOLIS 7, INDIANA 


ipaiiinaann DI AMON OLLER 
Principal Cities HAINS 
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the most complete /ine 
of standard mode/s and sizes 
for every design requirement 


The Winsmith line of conventional and hollow shaft speed 
reducers offers design engineers and speed reducer users 

the widest range of standard models and capacities available 
from a single source of supply. 

For precise, dependable performance—top operating 
efficiency at all speeds and ratios— maintenance-free durability 
and overall economy, specify Winsmith Speed Reducers for 
every application from 1/100 to 85 h.p., in ratios from 

1.1:1 to 50,000: 1. 


If you have a specia/ prob/em—consult the Winsmith Representative in your area, 
or write directly to our Engineering Department. 





SINGLE 
REDUCTION 
WORM GEAR 
TYPE 


14 Sizes — .01 hp to 34 hp 
Ratio Range — 5:1 to 77:1 


Maximum Output Torque 
142 to 34,767 in. Ibs. 


€B—WORM ON BOTTOM €T—WoORM ON TOP CV —VERTICAL 





DOUBLE 

REDUCTION WORM 
AND HELICAL 

GEAR TYPE 

10 Sizes — .3 hp to 11.86 hp 
Ratio Range — 42:1 to 231:1 
Maximum Output Torque 
1331 to 34,767 in. lbs. 


¢CBX—WORM ON BOTTOM €TX—WoRrM ON Top CVX — VERTICAL 





DOUBLE 

REDUCTION 

WORM GEAR 

TYPE 

12 Sizes — .018 hp to 7.41 hp 
Ratio Range — 60:1 to 4460:1 
Maximum Output Torque 

650 to 34,767 in. Ibs. 


€BD—WORM ON BOTTOM €CT¥B—WORM ON TOP CV¥BD-VERTICAL 








complete engineering data and selection information for you 
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WORM GEAR REDUCERS 


Single or double reduction models, for service in either intermittent or continuous 
operation. Available with right-angle or parallel shafts; worm on top or bottom; all worm 
gear or combined worm and helical. 


HELICAL GEAR REDUCERS 


Single reduction, parallel shaft units for small ratios. Hardened, 
accurately ground, alloy steel pinion shafts. Cast iron gears. 


DIFFERENTIAL GEAR REDUGERS 


Winsmith offers a unique, patented type of differential gear reducer in which the planetary 
and secondary gears are integrated to form a unified planetary element. Tooth alignment 
is improved because the planetary gears automatically float into position, thus equalizing 
load distribution. Parts are never increased in number, regardless of reduction ratios— 
from 1.1:1 to 50,000:1—and the over-all dimensions of a given size never vary. 








se 


DIFFERENTIAL — 
REDUCERS 

-12 hp to 81.51 hp 

Ratio Range — 1.1:1 to 50,000:1 

Maximum Output Torque 

50 to 113,000 in. Ibs. | 


HORIZONTAL FLANGE MOUNTED MOTORIZED — VERTICAL, HORIZONTAL 








—" 


: SERIES “ST” & “SF” 
HOLLOW SHAFT Single Reduction 
WORM GEAR 3 Sizes — .63 to 8.82 hp. 7 
Ratio Range — 7'4:1 to 77:1 
SPEED Maximum Output Torque — 
REDUCERS ‘ 816 to 7678 in. Ibs. 
SERIES “STD” & “SFD” 
Torque Arm and Flange Double Reduction 


Mounted models available 3 Sizes — .041 to 2.552 hp. 
in both series. Ratio Range — 66%:1 to 4466:1 
Maximum Output Torque — 

1380 to 7678 in. Ibs 





1. DOUBLE REDUCTION 


WORM GEAR TYPE 
9 Sizes — .006 hp to 7.319 hp 
Ratio Range — 25:1 to 3850:1 
Maximum Output Torque 
146 to 34,290 in. Ibs. 
2. SINGLE REDUCTION HELICAL 
GEAR HORIZONTAL TYPE 
3 Sizes — .05 hp to 18.86 hp 4 
Ratio Range — 3.06:1 to 12.66:1 
Maximum Output Torque 
294 to 3682 in. Ibs. 
3. TWO SPEED REDUCTION 
WORM AND SPUR GEAR TYPE 
2 Sizes — .01 hp to 6.17 hp 
Ratio Range — 5:1 to 163:1 


Maxi Output T. 
333 to 3089 in Ibs. 1 series DBE 2 series FOO, 800, 900 3 series TSR 








WINSMITH CATALOGS are among the most useful tools ever devised for design 
engineers. They contain detailed selection information, weights, dimensions, ratios, ratings 
and other pertinent design data— including cross-section, shaft and mounting arrangement 
drawings, and large, clear product photographs—all in concise, easy-to-use form. 


WRITE TODAY on your company letterhead, for the most authoritative, up-to-date 
compilation of speed reducer information available. 


WINSMITH, INC. 208 Eaton Street, Springville, (Erie County), N. Y. 
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POWER chemin 
FRICTION-FREE MOTION: Recirculating 


way bearings and ball screws provide mechanical 
advantages for supporting and moving machine 
components. TYCHOWAY 

bearing combines rigidity 

and capacity of rollers 

with compact, 

easy-to-install 

recirculating 


feature. Elim- 
Write for 


inates stick-slip as Bulletin 22-50 


low coefficient of friction—less than .005—equal- 
izes starting and moving friction. 25 lb force 
smoothly moves 5,000-lb load even at low speed. 
Center guide flange assures accurate roller align- 
ment. Antifriction characteristics minimize lub- 
rication problems. SUPER-CISION ball screw 
combines advantages of screw and nut with anti- 
friction characteristics—mechanical efficiency of 
90% or more. Clean, compact nut is result of pat- 
ented internal ball return. Twin-nuts’ unique 
vernier adjustment (see cut) permits precise pre- 
load setting, eliminates backlash. Ball screws and 
nut housings made to any configuration to suit 


requirements. These companion products make 


linear 
motion 


Write for 
Bulletin 25-50 


completely 
predictable and 
accurate, with 
minimum effort. 


Special Products Division 


Seully-Jones and Company 
1932 South Rockwell Street, Chicago 8, IIlinois 
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DESIGN ABSTRACTS . 


. continued 


ibility of proposed ideas and processes 
must be proven. The use of air- 
lubrication techniques as a develop- 
ment tool to provide the most fa- 
vorable auxiliary test conditions is 
demonstrated. It is shown that the con- 
fidence with which developmental pro 
grams can proceed, when implemented 
by air-lubrication techniques, justifics 
the use of air in many feasibility 
models even though air supplies ma\ 
be unavailable for, or may later prove 
to be unnecessary for, subsequent 
prototype designs. Specific applica- 
tions of air lubrication in the elec- 
tronics industry are discussed. 


“Air Lubrication— A Development Tool,” Mar- 
tin L. Levene, Radio Corp of America. Amer- 
ican Society of Mechanical Engineers, 61-LUBS- 


13, 29 W 39th St. NY 18 


Adjustable-speed drives 
Within two main groups of drives, 


| electronic rectifier and saturable re- 
| actor (magnetic), such characteristics 


of the principal types of available 
equipment as hp ratings, max starting 
torque, speed ratings, speed regula- 
tion performance, acceleration and de- 


| celeration, reversing capabilities. 


Discusses speed, control and brak- 
ing characteristics and capabilities of 


| some types of variable speed drives, 
| such as motor-generators, electronic 
| rectifier, saturable reactor, metallic rec- 


tifier, eddy-current coupling, mechani- 
cal. 


| “How to Select an Adjustable-speed Drive’, J. 


W. Harper, General Electric Co. American Ma- 
chinist-Metalworking Manufacturing, Dec 12, 
1961, 330 W 42nd St, New York 36. 


* 


Transient lubrication 


An analytical solution is obtained 

for the transient pressure developed 
in a slider bearing without side leak- 
age when one of the bearing surfaces 
is accelerated tangentially. The lubri- 
cant is assumed to be incompressible 
and to have constant viscosity, and the 
film thickness is assumed to remain 
fixed in time. 
“Transient Lubrication of an Accelerated In- 
finite Slider,” Lyman, Saibel, Rensselaer Poly- 
technic Institute. American Society of Lubrica- 
tion Engineers Paper No. 60 LC-12, 5 N. Wa- 
bosh Ave, Chicago 2. 


continued on page 2534 
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WHICH OF THESE HIGH-RATIO HYPOIDS IS “JUST RIGHT” FOR YOUR PRODUCT? 





> 


- 
~~ 


es 
— 


mts 


UL 


io 


For hand tools. Where space is a problem—as in portable tools like 
this one—the high offset lets you design a more compact unit. Choose 


just the offset to solve your design problem with a more flexible, more 
compact unit than the corresponding worm and wheel. 


a 


| 
| 


. or machine tools. This high-offset pair lets you combine high reduc- 
tion with strength, compactness and other advantages you might find 
profitable in designing machine tools. High-ratio hypoids can be produced 
on Gleason equipment for ratios of 1:10, 1:40 or even higher. 








Big and strong. Where you need strength—as in farm machinery— 
high-offset hypoid pinions (with teeth which tend to “wrap around”) are 
larger and stronger than corresponding bevel pinions. An extended shank 
on cylindrical pinions makes very rigid straddle mountings practical. 


High-offset or high-ratio hy poids can be cut, tested, and 
quenched on the same Gleason equipment that is used 
on more familiar spiral bevel and hypoid gears. You can 
get more information about Gleason high-ratio hy poid 
gears by writing for free literature. Submit your prints 
for recommendations. 


~ 





7 


. or small and smooth. For smooth operation—as in office equip- 
ment that must run quietly—high-offset pairs provide smooth, quiet tooth 
action. Because teeth “wrap around” the pinion, you get continuous 
action—even with just one or two teeth! Grinders are available for 
applications requiring precision finish. 


_GLEASON WORKS 


AS 1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 


CIRCLE 233 ON READER SERVICE CARD 








| TEE POWER TRANSMISSION 


different 


moto 


rized 


speed reducers 


available from stock 





Yes! 956 different combinations of Perfection Motorized 
Worm Gear Speed Reducers are available for immediate 


delivery, from stock. 


Ratios range from 5 to 1 to 60 to 1, 
in capacities from 1/6 H.P. to 5 H.P. 
- Sapian e Reducers may 


with motor or 


he esdered 


without motor, toybe used with a 


choice. 


of your 


: tor re ucers offer the 
maximum in pactness, rigidity 


Write for your free copy 


containing illustrations, charts and tables to help you choose 
the right Reducer for your particular application. Ask for 


Bulletin No. M-140. 
Licensed under Pot. 2,868,031 


and adaptability. Through the use of 
standard NEMA face mounted mo- 
tors, complete interchangeability be- 
tween motors is provided. Motor 
maintenance is possible without dis- 
turbing the drive and reducer. Motor 
assembly is fast and positive with no 
alignment problems. 


of our new 28 page catalog 


\- 

tw 

b 3 
foo 





| 
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continued 


DESIGN ABSTRACTS. 


Lubricant viscosity and wear 
This paper investigates the effect 
of lubricant composition on engine 
friction and connecting-rod bearing 
wear. Special attention has been given 
to polymer-thickened oils since these 
oils are characterized by shear-depend 
ent viscosity and a simultaneous occur- 
rence of viscous and elastic properties. 
The variables investigated in this studs 
included lubricant viscosity, polymer- 
tvpe, and concentration. 
“The Effect of Lubricant Viscosity and Composi- 
tion on Engine Friction and Bearing Wear,” E. 
H. Okrent, Esso Research and Engineering Co 


American Society of Lubrication Engineers 
Paper 60 LC-8, 5 N Wabash Ave, Chicago 2 


Lubrication review 


First of two part digest of literature 
for 1959-60 covers friction and wear, 
boundary lubrication, metalworking 
lubricants, and automotive lubricants. 


M. B. Peterson, General 
April 


“Lubrication Review,” 
Electric Co. Mechanical Engineering, 
1961, 29 W 39th St, NY 18 


* 


Lubricating frictionless bearings 


Pheoretical analysis, photoelastic 
tests and ball-bearing fatigue tests led 
to an hypothesis explaining the in- 
fluence of oil on bearing fatigue life. 
The conclusion is that oils which 
produce lower thermal gradients in the 
contact zone help to give longer life. 
“Theory of Lubrication and Failure of Rolling 
Contacts,” by B. Sternlicht, P. Lewis and P. 
Flynn, General Electric Co. American Society 
of Mechanical Engineers paper 60-WA-286, 
29 W 39 St, New York 18. 


Molded brake lining 


Test results show coefficient of fric- 
tion for three representative materials 
under various conditions. A main con- 
clusion is that a deposited micro- 
scopic intersurface increases the co- 
efficient of friction. 

“The Dynamic Frictional Characteristics of 
Molded Friction Materials,” by M. J. Rabins, 


New York University and R. J. Harker, Univer- 
sity of Wisconsin. American Society of Me- 








ONY i-a-llef\\M-pnelel ane] + -M-lhatitelt 


PERFECTION GEAR COMPANY, HARVEY, ILLINOIS 


chanical Engineers paper 60-WA-35, 29 W 39 
St, New York 18. 


continued on page 238 
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DYNAPOWER’ 


HVOROSTATIC TRANSMISSION SYSTEME 


=SLLLINE POWER 


in tomorrow's OFF-ROAD VEHICLE market 


You can judge the pull of that sELLiInc power yourself. Take the outstand- 
ing sales points of your present off-road vehicle and add to them these 
unique DynapoweR benefits: high torque at low rpm; Power Absorption 
Braking® that eliminates use of service brakes; infinitely variable speeds in 
either direction without clutches or gear changers; faster, smoother response; 
and simplified maintenance due to elimination of the drive train. 

Then ask yourself, Could any other vehicle compete with one that offers 
all these? The answer is, No. That’s why we say that Dynapower-ed vehi- 
cles will dominate tomorrow’s market. Be sure you are ready to compete in 
that market. Be sure you know all there is to know about Dynapowenr today. 
Guarantee your own SELLING POWER in the competitive days ahead. Write: 


sig The Drnarower Hydrostatic Transmis- provides an infinitely variable speed 

sion System shown above uses a sepa- ratio and displaces a maximum of 4.8 
rate axial piston hydraulic pump and cu. in./rev. The transmission is rated 
motor to produce torque as required at a normal 60 HP but handies peak 
up to 300 Ib./ft. The variable pump requirements up to 90 HP. 


WATERTOWN DIVISION 


THE NEW YORK AIR BRAKE —@ 
119 STARBUCK AVENUE . WATERTOWN, N. Y. 
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STANDARD 
ROLLER CHAINS 


ACME chains are availoble 
in sizes from %" pitch, %" 
width to 2%" pitch, 1%” 
width, 


|| 
Ca 


a hd 


* 


C 
mn 


This shows a typical installation with 
positive power transmission where long 
life is essential. 


LEAF CHAIN 
These are furnished in a 
variety of pitches, widths 
and strengths to suit differ- 
ent applications. 
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MULTIPLE 
ROLLER CHAINS 


Multiple roller chains of 
double, triple and quad- 
ruple widths in all standard 
pitches in riveted types ore 
ordinarily carried in stock 
— multiple chains up to 6 
strands or wider can be 
furnished. 


There’s an 
MIE pip ch 


or DANICH 


P POWER T 
REO} noon 


ACME Roller Chains are designed and built to 


perform each specific job with maximum efficiency 
and economy. Sprocket ratio, chain impact, tension, 
drive speed and other factors are determined, not on 
the drawing board alone, but in the field where 
ACME Engineers observe and test chains at work 
while new equipment is being designed. In that way, 
ACME chains are made to deliver positive power 
transmission with economy and dependability under 


all loads at all times. 


For maximum performance at low transmission 


cost, be sure to specify ACME Roller Chains. They 


will give you the most value 
for your chaim money. Call 
your ACME Distributor. 


Write Dept. 26-Y for 
new illustrated 106 
page catalog with 
engineering section, 


OFFSET CHAIN 
Offset Side Bar Chains for 
drives that require herculean 
strength in construction 
machinery and oil fields. 
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EXTENDED 
PITCH CHAIN 


Extended pitch chains are 
becoming increasingly more 
popular in many industries 
where high grade finished 
roller chains are required, 
at a lower cost than the 


, standard pitch chains. 





Be ae 


2 eR 
e 


...@ good name in industry 
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@ The helical and spiral bevel gears in Falk gear drives assure maximum mechanical efficiency attainable—98%% per gear mesh under full load. 


ALL-MOTOR MOTOREDUCERS up to 125 hp. 


All-steel units for use with any 
NEMA foot-mounted motors 
within rated capacities of the 
gear drives. Standard output 
speeds from 1 to 780 rpm 
(with 1750 rpm motors); as low 
as .032 rpm in semi-standard 
designs. Also Integral units, 
from 1 to 40 hp. 


Ask for Bulletin 3100. 


SHAFT MOUNTED DRIVES vp to 125 hp. 


All-steel units, horizontal or 
vertical. Output speeds be- 
tween 420 and 5 rpm. Maxi- 
mum torque rating at low speed 
shaft: 100,000 Ib-in. Consult 
Factory for higher capacities 
and for flange mounted drives. 


Ask for Bulletin 7100. 


SCREW CONVEYOR 


Bolt to any standard trough 
end, Output speeds from 420 
to 5 rpm. Max. torque rating 
at low speed shaft: 44,000 
lb-in. Drive includes removable 
drive shaft and seal housing 
with choice of seals. Trough 
end and Motor Mount optional. 


Ask for Bulletin 7106. 


Concentric Shaft reducers 
with ratios from 1.49:1 to 
970:1. Maximum torque at low 
speed shaft: 94,000 Ib-in. _ 
Right Angle ratios from 5:1 
to 1460:1. Maximum torque at 
low speed shaft: 73,000 Ib-in. 
Ask for Bulletin 1105. 


LARGE SPEED REDUCERS vp to 5800 hp. 


Parallel Shaft up to 5800 

hp. Ratio range: from 2:1 to 

292:1. Maximum catalog 

torque at low speed shaft: 

1,570,000 Ib-in. Bulletin 1100. 

Right Angle Horizontal up { 

to 1900 hp. Ratio range from 

5:1 to 1200:1. Max. catalog 

torque at low speed shaft: 

1,570,000 Ib-in. Bulletin 2100. 

Right Angle Vertical up to 760 hp. Ratio range from 6:1 
to 430:1. Max. catalog torque at low speed shaft: 714,000 
lb-in. Low speed shaft extension up or down. Bulletin 2110. 
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HIGH SPEED DRIVES «+.reducers or increasers. 


Parallel Shaft drives cato- 
loged up to 5,000 hp or Gi 
10,000 rpm. Unit ratios from i 
1.15:1 to 12:1. Bulletin 5105. 
Concentric Shaft units cato- 

loged up to 225 hp or 4500 

rpm. Ratios from 1.5:1 to 25:1. 

Bulletin 1106. 


STEELFLEX COUPLINGS protect coddected machines. 


Hp range: 2 through 72,000 
hp at 100 rpm. Exclusive grid- 
groove design cushions shock 
loads, accommodates reason- 
able degrees of shaft misalign- 
ment. Basic Type F for 9 out 
of 10 industrial applications, 
horizontal or vertical. had 


Ask for Bulletin 4100. 
Basic Type F 


AIRFLEX COUPLINGS Designed for mounting shaft- 
to-shaft, shaft -to -flywheel, 

15 sizes covering a range from °F shaft-to-flange. 

5 through 2880 hp at 100 rpm. ; 

Ideal for applications which 

have irregular torque charac- 

teristics in driving or driven 

machines (internal combustion 

engines, reciprocating com- 

pressors, etc.). 


Ask for Bulletin 8100. 


SINGLE HELICAL and HERRINGBONE GEARS 


Exclusive Falk extra-depth, 
high pressure angle gear teeth 
provide greater strength and 
protection against abrasion. 
AGMA ratings. Hub or ring 
gears in solid or split designs. 


Diameters up to 23'-9” PD. 
Face widths up to 6’. 
Diametral Pitch: 34 to 6 DP. 


Ask for Engineering 
Reports 6170 and 6171 tne 
Gears 
Hub Gears 


SS 


OTT REE ae ee ee OF . 
TEELFLEX are registered trademarks. 


ee ee rs 


FALK, ALL-MOTOR, and S 
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this drilling machine has 
24 drives, 24 spindles, 
and 


48 APEX covered 
universal joints 


This giant drilling machine, engineered and manufactured by Michigan 
Special Machine Co., can drill 24 1-2" diameter holes in steel simul- 
taneously. At each end of the shafts that connect the 24 individual drives 
and spindles is an Apex 3” diameter covered universal joint. 

These 48 joints permit lateral movement of the spindles to conform 
to any desired drilling pattern. In addition, the exclusive Apex flexible 
cover provides clean, sustained lubrication that complements the auto- 
matic lubrication provided for the ways and other moving parts of the 
complete unit. 

Apex heavy-duty universal joints combine size, strength and durabil- 
ity without sacrificing precision. Apex industrial universal joints, 44” to 
+” diameter, covered or uncovered, are available in a full range of hub 
types and can be built to order from bronze alloys, stainless steels or 


other special materials required for specific types of service. 


or write, on your company letterhead please, for Catalog 
28 and Data Sheet. For special applications, send sketch 
or print for prompt recommendations and quotation. 








DESIGN ABSTRACTS continued 


Anti-scuffing lubricants 


Developments in the area of lubri- 
cants for high speed gearing in air- 
craft turbine engines have long re- 
quired a clear and reliable index of 
the load-carrying capacity of the lubri- 
cant and dictated the use of load sup- 
port evaluation tests. Many of the 
tests common to the field proved lack- 
ing in one or more aspects. To meet 
this need, studies were initiated in 
the early 1940's for the development 
of two lubricant gear evaluation ma- 
chines which are of interest. One of 
these programs resulted in the gear 
machine developed by E A Ryder 
and commonly referred to as the Ryder 
Gear Test. The other was a study 
carried out in England using the In- 
stitute of Automobile Engineers Gear 
Tester first developed in 1935. The 
Ryder Gear Test found wide accept- 
ance within the United States par- 
ticularly for turbine oil evaluations, 
while the IAE enjoyed equal popu- 
larity in England and among other 
NATO nations. Both tests were and 
are used in specifications for turbojet 
engine oils as measures of load carry- 
ing capacity. The Materials Central, 
WADD, obtained an IAE Gear Tester 
in late 1955 from England for the pur- 
pose of evaluating its performance and 
to develop a possible correlation with 
the Ryder Gear Test. 

The IAE machine is a hunting 
tooth type design with a 15 tooth 
driving gear and a 16 tooth driven 
gear. 

“Load Support and Anti-Scuffing Properties of 
Lubricants |AE Gear Machine Studies,” R J 
Benzing, Wright Air Development Div, Wright- 
Patterson AFB, Ohio, Lubrication Engineering, 


December, 1960. 404 N. Wesley Ave, Mount 
Morris, Ill. 


Lubricating greases 


Soap-thickened greases have been 
improved continuously, but now other 
thickeners are sharing the burden of 
meeting modern needs. The new 
thickeners must have the combined 
properties of oleophilic nature, fine 
particle size, and stability. 

The required properties have been 
attained by selecting suitable organic 
compounds and by coating inorganic 
particles to render them oleophilic. 
Such classes of organic compounds as 


continued on page 240 
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THE HILLIARD LINE OF 
CLUTCHES, COUPLINGS, DRIVE UNITS. - 


SINGLE REVOLUTION CLUTCH 


USE. Rivet machines, snap fastener machines, shears, staplers, bottling 
machinery, cut-off mechanisms, indexing and feeding equipment, packag- 
ing processes or wherever controlled intermittent motion is necessary from 
a continuously rotating source of power. 
SPECIFICATIONS 

Made in 2 types in 11 standard sizes plus special designs to suit 
particular applications. Smallest standard size—1%” diameter x 
1134” shaft length. %” bore, .04 H.P. @ 100 r.p.m. 2 foot 
pounds torque normal rating. Speed up to 850 r.p.m. under 
certain conditions. Largest standard size—17%” diameter x 
1758” shaft length, bore up to 41%,_”, 176 H.P. @ 100 r.p.m., 
9240 foot pounds torque normal rating. Approximate maximum 
speed 65 r.p.m. Write for Bulletin 239 ke further detailed 
information. 


WEDGE-ROLL 
THE NEW OVER-RUNNING CLUTCH 


A new improved type of clutch designed for specific appli- 
cation where great torque capacity is needed in a limited 
space and for high speed operation. Has all the regular 
features of over-running clutches plus exceptionally low free 
wheeling resistance and balanced design to result in longer 
service life. The Wedge-Roll Clutch cannot jam or lock in 
reverse even after long wear. There are four clutch sizes ranging 
from 3%” to 7%” diameter and from 1.8 to 36 H.P. at 100 
RPM. Additional sizes, both larger and smaller, are available on 
special order. Ask for the Wedge-Roll Bulletin. 


CENTRIFUGAL 
AUTOMATIC CENTRIFUGAL CLUTCH COUPLING 


Improves starting conditions and provides smooth acceleration 
on drives for high inertia equipment; prevents excessive torque 
transmission during starting of textile machinery; prevents tor- 
sional resonance on internal combustion engine drives; provides 
automatic coupling on emergency and dual drive systems; pro- 
vides overload protection and has exceptional ability to com- 
pensate for all types of misalignment. Operating mechanism 
requires no lubrication. Write for Bulletin CE-3 for additional 
information. 


@ HILLIARD CLUTCHES AND COUPLINGS ARE EXCELLENT 
FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


INTERMITTENT DRIVE UNIT 


Hilliard’s complete, single package unit that converts rotary 
power to precise intermittent motion . . . clip and bend, shear or 
slash, oscillate or repeat, raise or lower, index and position. It 
can installed on existing equipment, designed into new 
machinery and reused after production line changes. I.D.U. 
eliminates the need of buying separate parts to assemble a 
“custom” machine with assorted mechanisms to apply and con- 
trol it. Features highly flexible control — manual, mechanical or 
electrical — permitting “demand” t operations in fixed or 
variable cycles. A protected drive, tota ly enclosed in an oil bath 
housing, it is Sdieil tor dusty, “steamed” or “wash-down” condi- 
tions. Bulletin. 1.0.u. 2 


OVER-RUNNING CLUTCH 


USE: Dual drive, two speed drive or standby drive on boiler stokers, 
blowers, induced or forced draft fans, dry cleaning machines, ventilating 
fans and similar equipment. 
Also for ratchet feed on presses or automatic back-stop on conveyors or to 
permit free rotation when the driver slows or stops. 
SPECIFICATIONS 
Made in 7 types and 15 standard sizes plus special designs for 
specific installations. Smallest standard size—1"%,_” diameter x 
1254” shaft length. 34” bore, % H.P. @ 100 r.p.m., 31.5 inch 
pounds torque normal rating. Largest standard size—25” di- 
ameter x 16%” shaft length 7156” maximum bore, 394 H.P 
@100 r.p.m. 20694 foot pounds torque normal rating. Ask for 
Bulletin 231 for comprehensive data. 


SLIP CLUTCH 


USE: to protect speed reducers or gear trains against destructive overload, 
to reduce shock in door opening and closing mechanisms, as a safety 
feature where a machine is subject to jamming or to limit the torque of 
any drive. 

Also to provide constant tension with varying speed as in a recling or 


winding application 

SPECIFICATIONS 
Made in 15 types and 11 sizes. The torque transmission of all 
slip units is adjustable and some models can be adjusted while 
in operation. Smallest clutch (light series)—-23¢” diameter x 
1%” shaft length, %” or 5s” bore, 9 foot pounds torque maxi- 
mum capacity. Smallest clutch (regular series) 5%4” diameter x 
4%” shaft length, %”, 1” or 1%” bore, 38 foot pounds torque 
capacity. Largest clutch—27” diameter x 313%” shaft length, 
bore up to 8” 24600 foot pounds torque capacity. For complete 
description, request a copy for Bulletin 300. 


All Products of THE HILLIARD CORPORATION exmira, NEW YORK 
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DESIGN ABSTRACTS continued 


aryl ureas and indanthrenes possess 
the required properties. When long- 
chain organic compounds are ad- 
sorbed or reacted on the surface of 
inorganic particles, stability is deter- 
mined by the coating. 

The new thickeners may be used 
with conventional oils to produce ex- 
cellent multi-purpose greases. With 
synthetic oils they may be used for 
as long as 600 hours at 450F without 
relubrication. Already consideration 
is being given to thickeners, oils, and 
test devices for service at 700F. 
“Non-soop Lubricating Greases,” by L. C. 
Brunstrum, Standard Oil Co, Indiana, NiG/ 


Spokesman, October 1960, 4638 J. C. Nichols 
Porkwoy, Kansos City 12, Missouri. 


Lubricating oils in inert gas 


The interactions of five gases—hy- 
drogen, nitrogen, argon, helium, and 
carbon dioxide—with mineral and syn- 
ek 43) thetic lubricating oils were studied. 

ii ae 5S te The interactions examined included 
ee wef “ gas solubility, foaming, entrainment, 
ee est 4 evaporation of oil into gas, stabitity 
of oil in presence of gas, and effect 
of dissolved gas on oil viscosity. Sev- 
, eral of the gases showed behavior 
HORSBURGH & > (appreciably different from that of 
air) that was not predicted by con- 
ventional theories. 


i 
2 


Th 


“The Behavior of Lubricating Oils in Inert Gas 


Atmospheres,” Beerbower, Greene, Esso Re- 
eee A New search and Engineering Co. American Society 


of Lubrication Engineers Paper No. 60 LC, 


HORSBURGH & SCOTT 5 N Wabash Ave, Chicago 2. 


SP EKED REDUCER CATALOG Anti-friction bearings 


Bearing life generally is agreed to 
, : be the amount of time that a bearing 
To Simplify i OTR operates until the first evidence of 
Selection ow catalog features include: fatigue. Even bearings of the same 
New Sizes ¢ Improved Ratings ° More Ratios size and type, however, show market 
of Speed bg Latest AGMA Thermal Ratings e Simplified differences in life spans. The life of 
Selection « Easy-to-use Overhung Load Rat- one bearing mav be 20 to 40 times 
Reducers mg — ee ; that of another similar bearing. It is 
rite for Catalog -61—on your company therefo ne . 

for Industry letterhead, please. : ~ maya to etins 9 ie 
anced value that the bearing consumer can 
Let our engineering staff give you universally employ as a reliable cri- 

prompt assistance with your enclosed terion in his selection of th ti 
gearing requirements. d i ee 
and most economical bearing design 

for his application. 

















“Design Criteria for Anti-friction Bearings,” by 
R. E. Leeming, Fischer Bearings Mfg. Ltd. De- 


The HORSBURGH & SCOTT Co. |i irmticu’camse” 


5112 Hamilton Avenue e Cleveland 14, Ohio continued on page 248 
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An Entirely New Design Concept 


For the Actuation Engineer! 


SAGINAW %/» SCREW WITH TORQUE 
LIMITER FREE WHEELS AT BOTH 
ENDS OF ACTUATOR STROKE 


With the introduction of the Torque Limiter for 
Saginaw Ball Bearing Screws, actuator design has 
made a significant step forward. That’s because the 
Torque Limiter permits b/b screws to free wheel at 
both ends of the actuator stroke at normal loads. 


Designed to overcome load limitations common to 
conventional free wheeling b/b screws, the Torque 
Limiter may be used with any size Saginaw b,b 
Screw. The only load limitation is the design capa- 
bility of the basic screw. 


Integral stops on the screw shaft precisely control the 
length of the stroke. When the ball nut reaches either 
stop, it free wheels. The drive energy is absorbed by 
the Torque Limiter. Loading may be tension. com- 
pression, or a combination of both. 


Some areas in which Saginaw b/b Screws with the 
Torque Limiter can be used are: Overload Protection 
for motors when the actuator reaches travel limits: 
Overtravel Protection in case limit switches fail to 
stop drive; Exact Positioning without other complex 
positioning systems due to integral stops; Holding 
Devices where drive continues to operate at end of 
actuator stroke until reversed to release; Forward- 
Stop-Reverse Systems where motors can be smaller 
and less expensive since instantaneous reversing at 
drive limits is not required; Stepless Actuation for 
precise, controlled positioning with repeatable accu- 
racy ... an inherent advantage of all Saginaw b/b 


screw actuators. 


If you have an actuator design problem, we will be 
happy to help you find the solution. Write, Chief 
Applications Engineer, b/b Screw and Spline Opera- 
tion, Saginaw Steering Gear Division, General Motors 
Corporation, Saginaw, Michigan. 


slalalatate TILMLITALALAL ALA)! WRITE FOR NEW DATA BOOK 


a a a rw 


cago OF an 
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CONE-DRIVE 
GEARMOTORS 
for 
“PLUG-IN” POWER 


YOUR 
MACHINE 


a 


Hollow- Shaft Speed Reducer-Motor forms 
complete power transmission package .. . 


With the compact, right-angle Cone-Drive _— pp mag 


gearmotor the machine designer can make use 
of an integral drive package of nearly any 
required speed and horsepower. Twenty-seven 
standard output speeds from 7.3 to 525 RPM 
(with 1750 RPM motor) are available in 
models from 4% to 40 horsepower. Gearmotors 
can be specified with hollow shaft for mount- 
ing in any position, ready to “‘plug-in”. You 
can use this integrated power package to 
provide a simple, clean installation on your 
machine . . . no pulleys, belts, sheaves, bed 
plates, couplings, etc. 








Electric motors are standard “‘D” flange 
type with slight shaft modification for driving 
helical primary reduction gears. Secondary 
reduction stage is a standard Cone-Drive 
double-enveloping worm gearset with maxi- 
mum tooth engagement for greater load carry- 
ing capacity in smaller space. 





Cone-Drive gearmotors are available for all 
AGMA service ratings. Call your Cone-Drive 
representative today or write for catalog #58 
for complete specifications. 


CONE-DRIVE GEARS 
DIVISION MICHIGAN TOOL COMPANY 
7171 E. McNichols Rood Detroit 12, Michigan Telephone: TWinbrook 1-311! 


\ vousie-envacopine f 5) DOUBLE-ENVELOPING WORM 
0 WORM GEARSETS , GEAR SPEED REDUCERS 


DOUBLE REDUCTION WORM’ )//| DOUBLE-ENVELOPING 
GEAR SPEED REDUCERS es hOMt ANGLE GEARMOTORS 
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For Positive, Permanent Shaft Sealing ... Without Springs! 


| 
“A 
GRA LKALLLA 
| low pressure magnetic seal 


New Design Concept Offers Many Distinct Features in High or 
Low Pressure Fluid Sealing... 





G 


FLUX LINES , 
SHAFT ELEMENT he J, 


CARBON SEALING FACE Proven Reliability high pressure magnetic seal 
Economy fe 
O-RING FOR SHAFT O-RING FOR Long Life a 
ages Versatility } 

x ae Simple Design 
\ Re Minimum Friction . 

« ry $ Balanced Wear oo 
Easy Assembly Fete Athy A 
Minimum Maintenance 4 s 

Interchangeability Pal 

For High Temperatures y 

For All Shaft Sizes y+ age > 
4, 























freee VC 
UNIQUE PRINCIPLE MANY APPLICATIONS aS 


v 


. ‘ ° . . —_ cartridge-type 
Magnetics have revolutionized seal Exceptionally suited to aircraft and noleneed pressure 


design. Magnetic force and fluid pres- missile applications, magnetic seals pro- safety feature 

sure replace spring action in this com- vide design engineers throughout indus- LEL4, 

pletely new line of rotary seals. A mag- try with a totally new approach to their : As ( 

netized ring of Alnico V, press-fitted sealing problems. Magnetic seals have a 

into equipment house, firmly holds the provided reliable service under severe g 

mating ring on the shaft element by mag- operating conditions against a wide vari- : 

netic force. The carbon ring in the face ety of fluids. Standard seals effective up a 

of the shaft element. in balanced contact to 3000 psi, temperatures to 500°F. . . . Hire 

with the lapped surface of the magnet, special adaptations to suit extreme tem- limited longitudinal 

forms a permanent, self-adjusting face peratures, pressures or high rubbing space type 

seal. O-rings in both shaft and magnetic speeds. ge 

elements prevent leakage of confined ON 

uid or gas. MANY DESIGNS AND sexe, WEP 
ADAPTATIONS 4 





5 





Design advantages . . . no springs or 
screws required . . . more compact, The seals illustrated here show the “LEED ER REISSS 
lighter seals . . . self-positioning when versatility of the magnetic principle. “| ais 
assembling . . . even distribution of seal- Many other basic designs and adapta- Su) 
ing force . . . no initial face leakage . . . tions are available. Magnetic Seal Cor- high temperature 
slow, even wear-in period lasts life of poration’s engineers will gladly make Se eee 
seal . . . self-lubricating carbon sealing recommendations on your particular re 
face runs cool, minimizes wear. requirements. NF 





ae 
ay 
+H 
Tn ~ 
f >> Al 
SS 4727) a ! | 


y REQUEST LITERATURE ” eee ES 
b For additional technical information, / 


— ~ 
request complete brochure. IC) WW ; SS 
ann, © , at 


IIS: Tam 
py 





\ 
o> i 


F » 
high temperature 
piston ring type 








166 Bay Spring Ave 


magnetic seal corp. - — 
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—produced to meet your specifications 
EFFICIENTLY, ECONOMICALLY! 


MASS PRODUCTION ECONOMY—Large or small, you get the 
benefits of high production rates and big volume output at Fairfield 
—where fine gears are produced to meet your specifications 


EFFICIENTLY, ECONOMICALLY! 


QUALITY PLUS—There is no finer recommendation for the quality 
of the product you sell than to be able to say it is “EQUIPPED 
WITH FAIRFIELD GEARS!” 

DEPENDABLE SOURCE OF SUPPLY—Fairfield is one of America’s 
largest independent producers of precision-made, automotive type 
years for leading builders of construction, agricultural, industrial, 
marine, and automotive equipment. 


BACKED BY EXPERIENCE— Unexcelled facilities in an ultramodern 
plant backed by more than thirty-nine years’ experience in pro- 
ducing Spur, Herringbone, Spiral Bevel, Straight Bevel, Hypoid, 
Zervl, Worms and Worm Gears, Splined Shafts, and Differentials 
to customer’s specifications. 


ENGINEERING SERVICE—Fairfield engineers are qualified to make 
expert recommendations on your gear production requirements. 
Your inquiry will receive prompt attention. 


FAIRFIELD 
MANUFACTURING CO., INC. 
2345 S. Concord Rd. Lafayette, Indiana 





" ASK FOR 

INTERESTING 

ILLUSTRATED 
BULLETIN 
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"Fine Gears Made to Onder 


SPUR GEARS — Straight, helical, and in- HYPOID — Sizes from 1¥2" to 28” dic. 
ternal. Sizes from 16 pitch, 1¥2" dia., to zeroL — Sizes from 16 pitch, 1/2” dia., 
1¥2 pitch, 48” dia. to 112 pitch, 21” dia. 
sen Vl te oe" (Fellows Type). Sizes worms 2 WORM GEARS —Worms to 7” 

F io. Wi to 36” dia. 
Samm -atewen Oe + 
1112” dia. to 12 pitch, 28” dia. SPLINED SHAFTS — Lengths to 72”. 
STRAIGHT BEVEL — Sizes from 16 pitch, DIFFERENTIALS — 3,000 to 750,000 inch 
1¥2” dia. to 1/2 pitch, 28” dia. pounds capacity. 

Ground Tooth Spur, Helical, and Spiral Bevel Gears. 

Note: All of the sizes above are approximate 


CIRCLE 245 ON READER SERVICE CARD—> 

















| DAS D8 5 Ge = 1 03 51 Cae. ae = 3 01 Os . Ge OF 01 Os Ws 02 «| 
MUST “WALK A STRAIGHT LINE” 





TO ASSURE PERFECT BALANCE 





Probably the most important single quality in a clutch is ba/ance— 
because balance means smoothness of operation, not only of the 
clutch but of the engine as well. 

That’s why Borg & Beck clutches are checked for balance, at opera- 
tional speeds, on specially designed test machines. Even the slightest 
unbalance is instantly detected and carefully corrected. Perfect bal- 


ance is assured, as shown above, when the electric beam of the oscil- 
lograph is vertically straight on the calibrated screen. And every Borg 
& Beck clutch must “walk this straight line” before it passes inspection. 


This is typical of the extra care that goes into every step in the making 
of Borg & Beck clutches. It is your assurance of top quality, top per- 
formance, top value. 


BORG . BEC 


BORG- ARNER THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 


Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 





HALF SAFE IS 


Have you ever heard of half an accident? Frankly, we don’t 
think so—that’s why Worthington gives you double protec- 
tion by building Two Golden Screws into every Worthington 
hub. 

One-half the protection lies in the Golden Screw at the 
right, above. See how it turns down to lock the key securely 
in place? This prevents potentially dangerous key drift. 

How important is this Golden Screw? Decide its value in 
light of the maximum possible danger to equipment or 
personnel from a loose key. And then remember this—you 
pay no more for this Golden Screw in a Worthington sheave. 
You get extra value—for the same low price. 

The Golden Clamp Screw on the left, above, allows you 
to locate and lock the hub securely on the shaft. Locking the 
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hub allows you to tighten the set screw without distorting 
the hub. It is an exclusive Worthington feature. The two 
piece hub and rim design simplifies installation. You install 
one piece at a time. You can also make sheave changes 
without disturbing the hub or affecting the alignment. 

Hubs with Two Golden Screws are supplied with each 
of the Worthington power transmission products shown at 
the right. Each product has its own advantages—and all 
have the extra, full safety feature of the Two Golden Screws 
at no extra cost. 

These products can work for your profit. Learn how they 
can be designed into your product or how they can add extra 
protection and performance into your plant. You can do this 
by asking for one or more of the “how-to-figure-it” design 








ea 


7 
~ yal | 

















MULTI-V OR MULTI-WEDGE? Multi-V drives have been an industry standard 
for years. Multi-Wedge drives, using a new, stronger belt design, cut costs 
sharply. They reduce the number of belts, use smaller, lighter sheaves and 
reduce center distances. 


NOT SAFE 


manuals shown here. Your Worthington distributor stocks 
these products. 
See the Yellow Pages to locate your Worthington Distributor. 


WORTHINGTON 


PRODUCTS THAT WORK FOR YOUR PROFIT 





oor 
@ 4 


POSITIVE DRIVES. Worthington Positive Drives save weight and space and 
reduce bearing loads for machines ranging from typewriters to 600-hp 
giants. it combines the advantages of both chain and belt. There's no 
stretch, no metal-to-metal contact and no lubrication. 








MOTOR PULLEYS AND COMPANION SHEAVES. The new Worthington vari- 
able speed Motor Pulley gives speed ratios up to 3:1 in ratings from \% to 
15 hp. It has the simplest, most dependable of ali motor pulley designs. 
The companion sheaves feature the Two Golden Screw construction 











CENTRIFUGAL CLUTCHES. These fully automatic clutches protect against 
overloads and simplify starting problems. Two basic models. A clutch 
coupling for direct motor drives and a drive clutch, tapered to receive stand 
ard Hy-Torque Multi-Wedge Sheaves, Positive Drive Pulleys or sprockets. 














HUBS AND WELD-ON ADAPTERS. Make your product ‘‘quick detachable” 
—easier to mount, always tight on the shaft, easier to remove. Weld the 
QD Adapter to any shaft mounted part. Then use Worthington QD Hubs 
with Two Golden Screws. Or machine your part to use the QD Hubs. 


Each Worthington product shown here has the complete 
safety feature of the Two Golden Screw design. For more in- 
formation about any of these products, please send this coupon. 


WORTHINGTON CORPORATION 
Section 79-41, Oil City, Pa. 
Please send me your new catalogs on 
] Multi-V Drives 
C) Multi-Wedge Drives 
] Positive Drives 
[] Variable Speed Pulleys & Companion Sheaves 
C) Centrifugal Clutches 
C) QD Adapters 


SD tntinmages 
Company 
Address 


City 
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TO PUT YOUR 


DESIGN ABSTRACTS continued 


Sliding friction 


Recently, the Fuels and Lubricants 
Department of the Research Labora- 
tories completed a study on the effect 
of lubricant composition on sliding 
friction. A bench test machine was 
developed to aid in evaluating the 
friction properties of over 100 lubri- 


| cants. This machine, which uses two 


TRANS- 
IBS TU 
IDEAS 

TO WORK: 


Let Warner Automotive Division design 
and manufacture reliable, economical 
B-W power transmission parts for your 


devices. 





specific needs. Our engineering depart- 
ment is at your service for all types of 
splined shafts, ring and pinion gears, 
gear boxes, miter boxes, differential parts 
and assemblies, power train assemblies 
and power take-offs. 


NEW WA-83 MITER BOX 


Packed with lifetime grease, a new right 
angle drive, 15 h.p., 1:1 ratio miter box 
by Warner is light weight and compact. 
Direction of rotation is easily reversed 
by a simple change in gear placement. 
Hardened nickel alloy steel gears and 
shafts insure the long life and extra dura- 
bility that are so important to trouble-free 
operation. 





It's a better product when Warner has a 
part in it. Consult our engineers without 


obligation. 


AUTOMOTIVE DIVISION 


BORG-WARNER CORPORATION | 
AUBURN, INDIANA 

For Hydraulic Power Transmission, 
See Wooster Division 


‘ 
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thrust bearings as test elements, simu- 


_ lated conditions occurring at the rub- 


bing surfaces of many mechanical 
Information gained from 
this study serves to further knowledge 
on sliding friction and provides addi- 
tional data on how straight mineral 
oils, synthetic fluids, and lubricant ad- 
ditives affect friction. 

“The Effects of Lubricant Composition on Slid- 
ing Friction of Steel on Steel,” Fred G Rounds, 
General Motors Research Laboratories. General 


Motors Engineering Journal, July-Aug-Sept 
1960, Warren, Mich. 


Lubrication at high temperatures 


An experimental study of the fric- 
tion of metals which have been coated 
with inorganic films by reaction with 
their surrounding atmosphere. The 


| specimens are first cleaned at high 


temperature in vacuo and then heated 
in the selected reactive vapor. Many 
coatings will prevent seizure and give 


a fairly constant but high coefficient 
| of friction up to high temperatures. 


Layer-lattice compounds such as 
MoS,,CrCl,, and Til, give much lower 
friction at all temperatures below those 
at which the film decomposes or 
evaporates (about 850 C for molyb- 
denum disulphide). A film of boron 
nitride formed on boron shows a high 
intrinsic friction, but this can be re- 
duced by certain vapors or by raising 
the temperature above about 800 C. 
Most of the experiments were per- 
formed with very light loads but the 
films are shown to be effective under 


| kilogram loads. A simple indentation 
| test capable of selecting lubricants un- 


der loads up to 12 tons is described. 
This shows that a film formed by 
heating stainless steel in CCILF, will 
lubricate at 400 C when the steel is 
deformed by over 50%. 


“Lubrication at High Temperatures With Vapor- 
Deposited Surface Coatings,” D J Baldwin and 
G W Rowe, Tube Investments Research Labora- 
tories, Hinxton Hall, Cambridge, England, 


| ASME paper 60—iub-4, ASME, 29 W 39th St, 


New York 18 


continued on page 253 
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IMMEDIATE 
DELIVERY! 





ON %” AND 2" O.D. 


Non-Magnetic 
18-8 TYPE 303 STAINLESS 


| UNIVERSAL JOINTS 


Manufacturers of electronic 
equipment have come to de- 
pend on Curtis for precision- 
made non-magnetic universal 
joints of 18-8 Type 303 stainless 
steel, in the sizes most fre- 
quently used in the industry. 
Other sizes are also readily avail- 
able; also bronze joints. 

Curtis joints benefit by a 
rigid ixsistence on uncom- 
promising inspection and qual- 
ity control at every stage of 
manufacture, imsuring mini- 
mum backlash. 

Curtis torque and load rat- 
ings are entirely dependable, 
since they are based on con- 
tinuous testing under actual 
operating conditions. 

Not sold through distribu- 
tors. It will be to your ad- 
vantage to write or phone 
(REpublic 7-0281) for free 
engineering data and price list. 

OF 


CURTIS MARK 


UNIVERSAL JOINT CO., INC. 
119 Birnie Avenve, Springfield, Mass. 


As near to you as your telephone 


TRADE 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 
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INSPECTION COSTS 


Check pin-size of 
1,000 gears per hour 


This New Red Ring Gear Checker (Model GRF) 


FIXED mikes rasta 


AXIS ? 
MASTER Independent of human error. 


May be fed manually or automatically. 
Requires a minimum of floor space. 


Has an exceptionally high Dependability Factor 
due to built-in safeguards such as those indicated. 


Same tooth engages 
every work gear . 


GAGING 
MASTER 


Axes of work gear and both ee 
—— masters in alignment at the 
- momeit of gaging.. ‘3 


If you mass-produce pinions ask for Bulletin C60-8 





SPUR AND HELICAL GEAR SPECIALISTS 
ORIGINATORS OF ROTARY SHAVING. 
GEAR HONING AND ELLIPTOID 











NATIONAL BROACH & MACHINE CoO. 


5600 ST. JEAN © DETROIT 13, MICHIGAN 
WORLD’S LARGEST PRODUCER OF GEAR SHAVING AND HONING EQUIPMENT 
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See why today’s Designers DO MORE with 
FERGUSON HIGH SPEED INDEXING equipment 


SEND FOR FREE ENGINEERING 
DATA ON THESE IMPORTANT 
AIDS TO MODERN PRODUCTION... 


Load ratings, Dimensions, Application and Installation data in complete 
catalog form—information that belongs in every engineer's library! 





THE FERGUSON DRIVE... FERGUSON CAMS... INTERMITTOR INDEX TABLES... 











Provides up to 2,000 precision 
indexes a minute for high-speed pro- 
duction—and is rated for high-speed 
operation for 8,000 to 20,000 hours 
with no maintenance. No auxiliary 
locating or locking required. Nearly 
100 standard units catalogued for 


your selection. CATALOG 161, 


Dynamically designed, precision 
made face, plate and barrel cams 
have job-suited accelerations. Stand- 
ard and semi-standard units reduce 
tooling charges and manufacturing 
costs. Ferguson provides unity tables 
which allow complete flexibility in 
solving special cam problems. 


CATALOG 903. 


Provide up to 30,000 assemblies an 
hour. Available in 12” to 120” dials 
with 4 to 36 stops, and providing 
90° to 270° indexing in all standard 
units. Tables, power assemblies, con- 
trol panels, and stands available... 
also standard dial feeds for presses 
and rotary machines with integral 


press stations. CATALOG 161. 


Write for information on these 
Ferguson products and services: 


indexing mechanisms ¢ index tables ¢ press feeds 
power transmitters ¢ in-line machines ¢ engineering 
services ¢ tool and machine design ¢ pre-production 
planning e machinery development and debugging 


FERGUSON 


MACHINE COMPANY 


A Division of Universal Match Corporation 
7818 Maplewood Court “ St. Lowis 17, Missouri 
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DAYTON POLY-V Drives 
pack more power 


in smaller spaces 


Offer engineers greater 
versatility in drive design 


Dayton Poly-V Drives are single units. They run in 
sheaves designed to mate perfectly with belt ribs. This 
provides twice the tractive surface per inch of sheave 
width ... up to 50% more power in 24 the space. Result 
—a more compact, lighter drive... less shaft overhang. 


Greater 
horsepower 
capacity 


Full contact design gives belt 
ribs greater gripping action 
in sheave grooves. Belt tension is transferred equally 
and in all directions through the belt ribs to the sheave 
groove walls (hydrostatic principle). 


Uniform 
speed 
ratios 


Full contact design distributes the load equally over 
the entire contour of the V-ribs. Peak loads cannot 
cause the Poly-V belt to ride lower in the sheave 
grooves. Pitch diameters and speed ratios remain con- 
stant from no load to full load condition. 


Vibration 
free 





Full contact design guarantees smooth, vibration-free 
operation. Full molded surface has complete contact 
with the sheaves. Poly-V belts have uniform belt thick- 
ness—no slipping . . . no creeping. 


Greater 
flexibility ani 

Reduced belt thickness means smaller sheave diam- 
eters (as small as 34” with “J” belts)—less centrifugal 
force. This permits operations at higher belt speeds (up 
to 10,000 FPM for Poly-V “J’’)—ideal for high speed 
motors. 


Simplified drive design 


Only 3 Poly-V cross sections are required: 
“‘J’’—from fractional to 10 HP 
“L”’—for intermediate drives (5 to 50 HP) 
“‘M”—for high HP drives (25 HP and up) 


See your Dayton engineer 


Let Dayton’s Engineering Service help you with your 
drive design. Call or write: 


®Registered trademark of R/M Inc. Manufactured by Dayco Corp. under exclusive license of Raybestos-Manhattan, Inc. 





0.C. 1961, 
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Dayco ma 


Dayton Industrial Products Co. Div. Melrose Park, Illinois 
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FOR YOUR PRECISION AND 4 
SPECIAL GEARING REQUIREMENTS. 1°: LOOK. TO y-Wad | 


At 


| ee ee GEARS 


IN PRECISION GEARING Arch Gear offers you a thoroughly skilled group of gear special- 
ists operating the latest in gear cutting and processing equipment to produce to your 
specifications all types and classes of precision gears at low unit costs . . .. . 
IN STANDARD GEARS, the facilities of Arch Gear are perfectly suited to augment your 


organization in the production of large commercial gears or close tolerance manufacture 
STANDARD GEARS of special production-type precision gears . 


~~ 


entity devoted to meeting the needs for space-age tolerances. With ten models from 
1/16’ to 5/16” in both hollow and solid shaft units, Arch offers you the most advanced 
line of differentials available. Assembly, testing, calibration and packaging is performed 
in a specially constructed white room to assure specified tolerances and performance. 


“Th . CUSTOM DIFFERENTIALS 2" @ Product of Arch Instrument, a separate manufacturing 
! 
i 


egan aseene.ies IN GEAR ASSEMBLIES, 2"0ther specialty of Arch Instrument, we offer you complete 
design and engineering assistance on gear trains and other servo gear assemblies. 


From a pilot model to a large number of production units, Arch is equipped to produce 

to exacting specifications as well as perform the assembly and testing of the complete 

ae ae ee ee ee ee ee ee ee ee ee ee ee ee 

Why not investigate the gearing abilities of Arch? Write for complete information and 

i . 6 46 aoe 6} as ee ae ew we hee Wow we 
CUSTOM DIFFERENTIALS 


ARCH GEAR WORKS, INC. 


ea ; 97 HOLMES STREET, NORTH QUINCY 71, MASS. 
A R Cc tee ARCH INSTRUMENT CO., INC. 
‘ 101 HOLMES STREET. NORTH QUINCY 71, MASS. 
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Why Dynaco Mechanisms, 
of course! In fact they 

: recently solved a similar 
Where in the world nightmare for me. You'll 


find they have a keen under- 


' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
L 


can | get a transmission 
with speeds varying from standing of your problem... 
3.3 to 7812 RPM in 


15 precision increments? 


and they'll come up with the 
right precision equipment 


me a 


se eee eee eaeeanaanacaananaananaan”’ 
Pre elle 


aco Mechanisms 


INC 


DYNAMIC GEAR COMPANY, Inc. 
175 DIXON AVENUE AMITYVILLE LONG ISLAND, N. Y * Tel: AMityville 4-4788 
, itle, N. ¥. 640-U 


15 Speed Transmission 
Used on Oscillographs 


WESTERN DIVISION: 8912 Sepulveda Tr wn Nuy slifornia P.O. Box 41° . ele ione ire 2-3125 + Teletype: SNFD-4436 
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ZERO BACKLASH 
GUARANTEED 
WITH 


MINI- JOINTS” 


(*Miniature Universal Joints) 


TELESCOPING MINI-JOINT 


featuring preloaded ball spiine and 
Y4" travel on standard joints. 
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S 1 —— Va 


SIZES IN STOCK 


Part Closed Torque Price 
No. Bore* Body Length In. Oz. 1-4 pcs. 





“TIBS | .0938 | 3/16 1-7/16 16 28.50 
T2BS | .125 | 3/16 1-7/16 16 28.50 
T4BS | .1875 | 9/32 2 64 «28.50 


T6BS | .250 | 3/8 |2-1/2 256 | 28.50 





SINGLE MINI-JOINTS 


ones ae — 
> i= ‘ ¢ 
| il 
i S 


SIZES IN STOCK 
Part Torque Price 
No. Bore Body Length In. Oz. 1-4 pcs. 
SBS | SOLID 3/16 | 1-1 16 «5.50 
IBS | .0938 3/16 1-1 16 | 5.99 





3/16 3 5.90 
| 9732 | 5.75 
9/32 4 5.75 
3/8 1-3 7 5.75 


3/8 |1-3/74 | ; 5.75 





DOUBLE MINI-JOINTS 


ECD 


SIZES IN STOCK 





Part } {Torque Price 
No. Bore Body! Length|In. Oz. 1-4 pcs. 


DBIBS | .0938 | 3/16 | 1-1/2 16 11.80 
DB2BS | .125 3/16 | 1-1/2 16 11.80 


DB4BS | .1875 | 9/32 2 64 | 11.50 


DB6BS  .250 3/8 | 2-1/2 256 11.50 





Features: Zero backlash * Maximum op- 
erating angle of 30° « Lightweight - 
Sealed-in lubrication. 


Materials: Body—303 stainless steel * 
Balls—440 stainless steel * Special 
assemblies of non-magnetic balls avail- 
able. 

Other instrument components include— 


Minicture Coupling © Torque Testing 
Machine 


Inquiries for your special applicotions are 
invited 


FALCON DIVISION 


General Thermodynamics Corp. 
205 Concord Turnpike, Cambridge, Mass. 
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DESIGN ABSTRACTS continued 


Lubricating hot metal 


This article classifies fundamental 
processes in high temperature lubri- 
cation from 100F to 1700F. By investi- 
gation of the numerous simultaneous 
processes occurring in lubricated sys- 
tems at high temperatures, it is 
possible to elucidate many of the 
complex relationships between fric- 
tion and temperature. However, since 
two or more processes may function in 
a synergistic manner and other 
mechanisms may operate in an op- 
posed or adverse way, the friction- 
temperature relationships are indeed 
complex. The techniques for the fur- 
ther study of these fundamental proc- 
esses related to friction and wear 
have been indicated. 

“Fundamental Processes in Lubricating Metal 
Surfaces at 100S to 1700S,” by E. N. Klemgard, 
Washington State University. Lubrication Engi- 


neering, October 1960, 5 North Wabash Ave, 
Chicago 1, dllinois. 


Tests on gear oils 


The FZG test is a usual and stand- 
ardized method in West Germany to 
evaluate the antiscuffing properties of 
oils for reduction gears, hypoid gears, 
automatic transmission gears, etc. The 
paper gives a brief survey of the test 
apparatus, the test gears, and the test 
procedure. It describes also the cri- 
teria of failure and the evaluation of 
the results, taking into account not 
only the load-carrying capacity but 
also the wear performance of an oil. 
The repeatability and the scattering 
range is discussed with respect to the 
test conditions. 

“Scuffing Tests on Gear Oils in the FZG Ap- 
paratus,’’ Niemann, Rettig, Lechner, Technische 
Hochschule Muchen. American Society of Lub- 


rication Engineers Paper No. 60 LC-3, 5 N 
Wabash Ave, Chicago 2. 


* 


Silicone engineering greases 
Silicone greases and fluids give de- 
pendable, uniform performance over 
an exceptionally wide range of tem- 
peratures, thereby not only increasing 
the efficiency of existing designs but 
also making possible entirely new de- 
sign techniques. 
“Silicone Engineering Fivids asd Greases,” 


Mechanical World, February 1961, 31 King St 
W, Manchester 3, England. 


continued on page 254 
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Guaranteed-uniform cuts at high speeds 
call for DINGS safe, sure stops 


In automated cutting of billets, bars and structural shapes to 
extremely close tolerances, the conveyor must stop at precisely 
the right moment. That’s why Peerless Machine Company relies 
on Dings Magnetic Disc Brakes for the fast, safe, sure stops 
necessary for their new automatic cycling, high-speed band saw. 
Operating at 14 feet per minute in forward or reverse, this 
machine is guaranteed by Peerless to hold length of cut to 
+.003 of an inch. 


Dings Brakes are direct acting. Movement of the braking 
assembly is measured in thousandths of an inch, assuring 
instantaneous release and fast, positive stops. There are no 
mechanical linkages or levers ... consequently no worn parts 
to cause inaccurate or slower stops. 


For your automated operations where fast precise braking 
is required, specify Dings Magnetic Disc Brakes. Call on 
Dings complete engineering service to help solve your specific 
brake problems. 


Write for Bulletin BK4006 


DINGS BRAKES, inc. 


A SUBSIDIARY OF DINGS MAGNETIC SEPARATOR CO. 


4716 West Electric Avenue 
@ Milwaukee 46, Wisconsin 
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DESIGN ABSTRACTS continued 


Relaxation phenomena 
in lubrication 


Lubricants, like other materials, 
possess both elastic and viscous prop- 
erties. The degree to which these 
properties manifest themselves de- 
pends on the molecular complexity of 
the lubricant, the stress range over 
which it is tested and the time scale 
on which the observations are made. 
Simple hydrocarbons of low viscosity 
exhibit elastic properties only in time 
intervals of about 10™ to 10~ seconds. 
The introduction of high molecular 
weight polymers would lengthen this 
time interval to 10° to 10“ seconds. 
Semisolid lubricants, such as greases, 
appear to behave elastically, even in 
time intervals of 0.1 second or longer. 

The significance of these elastic 
properties can be readily appreciated 
if one compares the above mentioned 
time intervals with loading times in 
actual dynamically-loaded machine ele- 
ments. Calculations indicate that 
these loading times range from about 
10° to 10° seconds when going from 
piston rings to ball bearings in turbo- 
jet engines. If the time during which 
the lubricant is subjected to rapid 
stressing is of the same order of mag- 
nitude as the relaxation time, the time 
in which the elastic properties become 
apparent, then the lubricant will be- 
have elastically rather than viscously. 
Under these conditions, the lubricant 
will be present as an elastic film. 
“Relaxation Phenomena in Lubrication,” E O 
Forster, Esso Research and Engineering Co. 
Presented at 15th ASLE Annual Meeting, Cin- 
cinnati, Ohio, April 1960. American Society of 


Lubrication Engineers, 404 N Wesley Ave, 
Mount Morris, Illinois. 


High-speed bearings 

At extreme speeds, bearing selec- 
tion, mountings, alignment, lubrica- 
tion and fitting practice become very 
critical to a point where conventional 
mounting practice will no longer as- 
sure reliability and long life. This 
discussion, condensed from a speech 
presented to an SAE seminar, is a 
guide to the designer to enable him 
to properly select and apply bearings 
for this type of service. 
“How to Select High Speed Bearings,” by L. 
W. McKee, The Barden Corp. Design Engineer- 


ing, September 1960, 481 University Avenue, 
Toronto 2, Canada. 
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Triple reduction vertical 
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BELT ‘‘one source headquarters'.. 


EWART DETACHABLE 
LINK-BELT CHAINS 


COMBINATION 
CHAINS 


LXS BUSHED STEEL 
ROLLER CHAINS 


ROLLER CHAINS 


SILENT CHAINS 


SPROCKETS 





Simplest type of 
drive and conveyor 
chain; transmit up to 
20 hp up to 350 
fpm.; malleable or 
Promal; similar stri 
steel chains are avail- 
able. Catalog 1050. 


Widely used for con- 
veyor and elevator 
service; riveted or 
cotter (standard) 
construction; many 
center link and side- 
bar attachments 


Precision sizing of 
all parts assure uni- 
form stress distribu- 
tion and maximum 
life; adapted to heavy 
duty operation; full 
line of attachments. 


For drives and con- 
veyors; “%” to 3” 
pitch, 1 to 3” double 
pitch; precision made 
to ASA _ standards; 
single and multiple 
strands; full line of 


Transmit power at 
high speed; %e6 to 2” 
pitch; fractional to 
thousands of horse- 
power; wide variety 
ef types; precision 
construction. Data 
Book 2425. 


Cut or cast tooth; 
all types and sizes; 
also taper lock bush- 
ing types; thousands 
of sizes stocked; 
special sprockets to 
order. Catalog 1050. 





available. Catalog 
1050. 





Catalog 1050. 


< 





attachments. Book 
a. 








Illustrated are some of the many types and styles of Link-Belt chains. Link-Belt chain line is the world’s most complete 
line of conveyor, elevator and drive chains. For complete details, see your copy of Link-Belt Catalog 1050, or write for copy. 


VARIABLE SPEED DRIVES 


HORIZONTAL 
P.1.V. DRIVES 


VERTICAL 
P.1.V. DRIVES 


MOTORIZED 
P.1.V. DRIVES 


P.1.V. DRIVES 
WITH OUTPUT GEARS 


TYPE RS P.1.V. DRIVES 





Compact, enclosed, all 
metal, positive, infinitely 
variable drives supply ex- 
act speed changes for ac- 
curate control of opera- 
tions; with or without var- 
ious controls; 8 sizes, 16 
types, 2 to 25 hp. Ratios 
up to 6:1. Book 2274. 





The above drive and the 
one at the left are basic. 
Either shaft may connect 
to prime mover and other 
shaft used to vary speed 
of driven equipment. Ver- 
tical and horizontal 
mountings available on 
all P.I.V. drives. Book 
2274. 





Units consist of P.I.V. 
drive, with single reduc- 
tion input helical gears 
and integrally mounted 
motor; available with or 
without motor and with 
manual, electric, pneu- 
matic or hydraulic con- 
trols. Book 2274. 





Vertical unit shown is gen- 
erally like unit at left but 
reduction gears include 
single reduction output 
helical gears in addition 
to input; motors included 
or not, as desired; also 
horizontal mounting. 
Book 2274. 





For higher capacities to 
50 hp.; ratios to 7:1; 
five types with or without 
integral motor and op- 
tional reduction gearing 
like other P.I.V. types; 
twin strands of unique 
single roll chain transmit 
power in stepless speed 
changes. Book 2874. 


SPEED REDUCERS 


abt 


SHAFT- 


PARALLEL SHAFT 
SPEED REDUCERS 


WORM GEAR 
SPEED REDUCERS 


UNIVERSAL 
WORM GEAR 
SPEED REDUCERS 


IN-LINE 
HELICAL GEAR 
SPEED REDUCERS 


MOUNTED 
SPEED 
REDUCERS 


SCREW 
CONVEYOR DRIVES 





For efficient speed 
reducing or increas- 
ing with heavy shock 
loads. 57 sizes. Sin- 
gle, double or triple 
reductions, ratios up 
to 292:1, up to 2800 
hp. Built-in back- 
stops. Rated AGMA 
standards. Baseplates 
and special purpose 
drives. Book 2719. 
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For high capacities, 
fan-cooled, right 
angle, horizontal or 
vertical output shafts. 
Single, helical, dou- 
ble worm or helical 
worm gear combina- 
tions; ratios to 4900 
to 1; up to 152 hp. 
and 131,000 pound 
inches torque; rated 
AGMA. Book 2824. 





Universal worm gear 
types can operate in 
any of three posi- 
tions by simple 
changes; 242-4” cen- 
ters; to 148 hp.; 
7240 Ib. in. torque; 
rated AGMA stand- 
ards; many modifica- 
tions and accessories 
available. Book 2824. 





Simple gear arrange- 
ment in double, triple 
or quadruple reduc- 
tion types; ratios to 
2217:1; capacities to 
206 hp.; ratings per 
AGMA standards; 
shaft layout in same 
planes simplifies in- 
— Book 





Stock, AGMA-rated, 
reducers used in ver- 
tical, horizontal or 
inclined positions; 
tie-rod (illustrated) 
or flange mountings; 
ratios to 24:1; to 40 
hp; cast housing in- 
sures accurate align- 
ment. Book 2618. 





Use standard shaft- 
mounted speed re- 
ducer and adapter; 
mounts on trough 
end. Six sizes; 15, 20 
and 24:1 ratios; for 
motors to 30 hp and 
screw conveyor sizes 
from 6 to 24” dia. 
Stock sizes. Book 
2718. 
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GEARMOTORS 
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MOTOGEARS 
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GEARMOTORS, AOTOGEARS AND FLUID DRIVES 


fet 


ELECTROFLUID DRIVES 


ELECTROFLUID MOTOGEARS 





Maintain positive alignment with 
flange-mounted NEMA motors of 
all makes and enclosures. Com- 
pact, rugged, quiet, oil-tight; dou- 
ble, triple or quadruple reduction; 
sizes to 100 hp; output speeds 280 
to 1.5 rpm; mount on floor, wall 
or ceiling, AGMA rated. Book 
2747. 





Motogears are designed to handle 
heavy shock loads without damag- 
ing effect; bracket mounting of all 
models of foot-type NEMA motors 
permits easy motor replacement; 
sizes, hp, output speeds and re- 
ductions are the same as for Gear- 
motors. Book 2747. 


SELF-ALIGNING BALL BEARINGS 





Fluid drives produce smooth ac- 


celeration free from motor over- 
load. Fluid-cushioning protects as- 
sociated equipment from shock 
and impact; output shaft direct- 
coupled or externally driven; to 
50 hp. Fluid Gear drives with re- 
duction gears; to 30 hp. Book 
2747. 





Electrofluid Gearmotors and Mo- 
togears combine smoothness of a 
fluid drive with the desirable fea- 
tures of ordinary driven units. 
Electrofluid Gearmotors use flange- 
mounted motors, Electrofluid 
Motogears any foot-type NEMA 
motor; sizes to 30 hp. Book 2747. 


PILLOW BLOCKS 


PRESSED STEEL 
PILLOW BLOCKS 


FLANGED 
BLOCKS 


FLANGED 
CARTRIDGE 
BLOCKS 


CARTRIDGE 
BLOCKS 


TAKEUP 
BLOCKS 





Single row, deep groove ball 
bearings conforming to 
AFBMaA basic standards. Se- 
ries 200 medium duty, series 
300 heavier duty. Solid hous- 
shafts. to 


ings for “%” to 


Two-piece housings for 14%” 
shafts. Catalogs 


to 31%.” 
2550-D and 2951. 


For low cost, light 
duty with infre- 
quent misalign- 
ment. Series JPS 
200 only; for 2” 
1%e”" shafts. 
Catalog 2550-D. 








Ideal for right 
angle mounting to 
shaft axis; two or 
four bolt mount- 
ings. Series 200 and 
300, for “%” to 
3%6” shafts. Cata- 
log 2550-D. 


SELF-ALIGNING ROLLER BEARINGS 


* oD & 


SPHERICAL 
ROLLER BEARINGS 


PILLOW 
BLOCKS 


FLANGED 
BLOCKS 





A cylindrical ma- 
chined surface serv- 
ing as a pilot for 
accurately locating 
the unit and carry- 
ing the load; Series 


200 and 300 for 2” 


to 4” shafts. Cata- 
log 2550-D. 


FLANGED 
CARTRIDGE 
BLOCKS 





Machined steel 
cartridge block. 
Permit removal for 
replacement’ with- 
out varying shaft 
alignment; in fixed 
or floating types. 
Series 300 for %” 
to 31%6” shafts. 
Catalog 2550-D. 


CARTRIDGE 
BLOCKS 





Used in takeup 
fraimes; permit 
shaft positions to 
be varied to obtain 
proper chain or 
belt tension. Series 
200 and 300 for 2” 
to 21%6” shafts. 
Catalog 2550-D. 


TAKEUP 
BLOCKS 





Combine all the 
best features of 
modern bearing 
design. Precision 
machined, centrif- 
ugally cast bronze 
retainers; big, high- 
est-capacity rollers. 
Bearing bores from 
40 mm (1.5748”) to 
300 mm (11.8110”). 
Book 2760. 





Spherical, double-row roller 
bearings; solid or 2-piece 
sturdy cast iron or super- 
rugged cast steel housings; 
adapter or direct shaft mount- 
ing. Choice of steel multi- 
labyrinth or Dacron contact 
seals; Series 400, 500, 6600, 
6800, 6900, 7600, 7800 and 
7900 for shafts from 16” to 
10%”. Books 2760 & 2550-D. 
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Housings with ma- 
chined flange face 
provide accurate 
mounting at right 
angles to shaft 
axis; Series 400 for 
%” to 4” shafts. 
Catalog 2550-D. 


LINK-BELT COMPANY 





A cylindrical ma- 
chined surface serv- 
ing as a pilot for 
accurately locating 
the unit and carry- 
ing the load on cast 
or welded machine 
frames; Series 400 
for %” to4” shafts. 
Catalog 2550-D. 
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Machined steel car- 
tridge; permit shaft 
removal or replace- 
ment without vari- 
ation of shaft align- 
ment; Series 400 
for %” to 4” shafts. 
Catalog 2550-D. 





Used in takeup 
frames, allow easy 
varying of shaft 
position to adjust 
slack in chains or 
belts; Series 400 for 
%” to 3” shafts. 
Catalog 2550-D. 





See next page 
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BABBITTED AND BRONZE BEARINGS 


Ain Ss of, Lids 


FLEX-BLOCK 


SLEEVE BEARINGS 


SOLID 
PILLOW BLOCKS 


SPLIT 
PILLOW BLOCKS 


ANGLE 
PILLOW BLOCKS 


RING-OILING 
PILLOW BLOCKS 


FLANGED 
BLOCKS 





Self-aligning, self-lubricating, 
with sleeves to suit operating 
including high 
applications; in 
pillow block and flanged block 


conditions, 
temperature 
housings; sizes from 
3'%e" shafts. 


Folder 2823. 


Gray iron hous- 
ings, babbitted or 
bronze _ bearings 
—or plain bored 
bearings; for 2” 
%e” to to 2'!%e«” shafts. 
Book 2707. 








Split and split-gibbed 
types; gray iron or 
cast steel housings; 
bronze or babbitted; 
2-bolt for 4%” to 3” 
shafts; 4-bolt for 
11%e6” to 12” shafts. 
Book 2707. 





For heavy angular 
loads; split gray iron 
housings; babbitted 
or bronze bearings; 
2-bolt for 1%6” to 
2'%e” shafts; 4-bolt 
for 11%e6” to 9” shafts. 
Book 2707. 


Split housings; 
babbitted bear- 
ings; self-lubri- 
cated; 2-bolt for 
1%e” to 2'%e” 
shaft; 4-bolt for 
1146” to 31%e” 





shafts. Book 2707. 


Babbitted _ bear- 
ings; 4, 6 or 8 
bolt flanges with 
machine finished 
faces; for ™e” to 
S%e6”. Book 2707. 





‘COUPLINGS 


MC GEARED 
FLEXIBLE MOTOR 
COUPLINGS 


SG GEARED 
FLEXIBLE 
COUPLINGS 


TYPES A AND B 
FLEXIBLE 
COUPLINGS 


RIGID RIBBED AND RIGID KEYLESS 
COMPRESSION COUPLINGS 


RIGID FLANGED 
FACE COUPLINGS 


RC ROLLER CHAIN 
FLEXIBLE COUPLINGS 





Rigid ribbed type, split construc- 
tion, join shafts of same or differ- 
ent diameters, for 1%e6” to 5' ye” 
shafts. Rigid keyless type, have 
tapered bores fitted with tapered 
sleeves, to connect ——— 
shafting without keys, for %e” 
2'%ie” shafts. Catalog 1050. 


Couple shafts of 
same or different di- 
ameters; transmit full 
rated capacity of 
C1018 coupled 
shafts; gray iron for 
1%” to 8” shafts, 
bores ™%e” to 8”. | cast steel for 246” to 
Catalog 1050. 8”. Catalog 1050. 


CLUTCHES 


Specially adapted 
to ejectric motor 
drives for low 
cost; 2% to 6 hp 
per 100 rpm; 
stock bore 2” 
‘ok Folder 


For wide range 
of services; high 
or low speeds; 
light or heav 
loads; standard, 
mill motor, spacer 
and floating shaft | to 
297 


Two sprocket halves 
are connected by 
roller chain with di- 
vided rollers; low 
and high speed serv- 
ice; for %” to 5%” 
shafts. Plastic or 
spun met : fb peneng. types; bores 1” to 
Book 236 7”. Folder 2775. 


TAKEUPS 


High torque, low 
speed; faces of 
two iron flanges 
engage an inter- 
mediate floating 
member; maxi- 
mum 100 rpm; 

















aI 


FRICTION CLUTCHES 


Multi-bearing takeup DS t: jan 


. P SQUARE AND SPIRAL JAW CLUTCHES 
BABBITTED, BRONZE, BALL AND ROLLER BEARING TYPES 


AND COUPLINGS 





For speeds beyond the range of 
jaw clutches, smooth pick up and 
easy disengagement; reversible; 
toggle action amplifies holding 
pressure; in sizes for capacities 
from 10 to 1800 rpm, up to 170 h.p. 
Folder 2637-A. 


Jaw clutches and couplings used for posi- 
tive action and moderate speeds where 
engagement or disengagement is infre- 
quent and usually is not required in mo- 
tion or under load; squi are and spiral jaw 
types for oe” to 5%” shafts. Catalog 
1050. 


LT POWER TRANSMISSION PRODUCTS 


SHAFTING 


Illustrated are 2 of 24 types for various duties and mountings, 
including the new all steel multi-bearing type for mounting any 
2-bolt pillow block. Welded and pressed steel frames. Simplicity 
of design and construction assures maximum strength with ~ 
mum weight. For shafts from ™™e” to 5%”; adjustments 5” 
36"; also spring, belt and gravity types. Book 2741. 








OTHER LINK- 


ECCENTRICS AND 


SHAFT COLLARS GREASE CUPS CRANK DISCS GEARS BACKSTOPS 





Prevent backward 
rotation of shafts; 
bore sizes “se” to 
5%e”". Catalog 1050. 


Operate reciprocat- 
ing feeders, screens, 
etc., in many styles. 
Catalog 1050. 


Spur, bevel, miter, equalizing, 
worm, helical, herringbone; cut 
and cast tooth; gray iron, cast 
steel alloys. Catalog 1050. 


All sizes, special 
heat treatment 
where desired. 
Catalog 1050. 


Malleable iron, Malleable iron; 
solid or split; Hex-Top cap for 
solid steel to easy grip; % to 
6'%e” bore. Cat- 11 oz. Catalog 
alog 1050. 1050 
fs LINK-BELT COMPANY: Executive Offices, Dept. 961-PEDD, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, 
Warehouses, District Sales Offices and Stock Carrying Distributors in All Principal Cities. Export Office, New York 7; ; Australia, Mar- 
See preceding pages rickville (Sydney); Brazil, Sao Paulo; Canada,.Scarboro (Toronto 13); South Africa, Springs; Switzerland, Geneva. Representatives 
Throughout the World. 15.704 
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CONsrant VELociy UNIVERSAL JOINTS 


...for uniform transmission of power at varying angles 


CON-VEL DISC TYPE JOINTS 


are available in the following configurations: 


*Standard (Straight) Groove —for higher 
speed and angle combinations than previously 
obtained by ball joints. Nominal shaft sizes: 
14," to 24". Working angles up to 18°. 


*Standard Telescoping—free telescoping 
through rolling motion within the joint itself 
at continuous torque loads and varying angles. 
Nominal shaft sizes: '%¢" to 24”. 


Standard (High Angle) Groove — Con-Vel 
(Rzeppa) disc-type joint. Nominal shaft sizes: 
44” to 3”. 


*CON-VEL (Rzeppa) BELL-TYPE JOINT *CON-VEL SPECIAL DESIGNS 


Maximum overall length: 2234”. Nominal shaft Small, lightweight joints for aircraft, missiles, etc. 
= 2 ~_ 5 wu 91 ” ots P _ © at 4 
sizes 34," to 24". Working angles up to 40°, Or heavy duty joints made to your requirements. 


* Made to order only 


Whatever your need—joints for wheel drives, propeller shafts, aircraft or 
missiles—send us a description of your requirements. The proper joint will be 
recommended. Write for free catalog. 


<pana> DANA CORPORATION 


Con-vel CON-VEL DIVISION DETROIT 11, MICHIGAN 
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TYPE 





—> CB 


Clutch & Brake 


SIZE 


(Friction surface 
diameter) 


6” to 84” 


TORQUE RATINGS 


in. Ibs.) 
(at 7S ot 100 RPM) 


2,040 to 1,130,000 





CS 


Brake 


4” to 24” 


2,000 to 24,000 
plus self energizing 








# VC Narrow 


Ventorque 
Clutch & Brake Wide 


11” to 42” 


27,000 to 380,000 





24” to 46” 


219,000 to 900,000 





Air Ring 
Clutch & Brake 


12” to 40” 


11,300 to 225,000 








e VE 


Air Ring 
Clutch & Brake 


19” to 27” 


25,500 to 58,500 





Clutch & Brake 


6” to 24” 


910 to 45,000 





ER 





Couplings 


6” to 24” 


1540 to 83,500 





CT 


Brake 


12” to 24” 


15,000 to 65,000 
plus self energizing 





FSPA co cues 


(FAWICK Standardized 
Press Application) CS Grake 


8” to 36” 


4,290 to 172,000 





6” to 24” 


2,000 to 100,000 





LIQUI-COOL 


Clutch & Brake 


MAGNETI 


Torque Rating (in.-Ibs.) 


Start i Run Start 


Ory 





4,500 to 200,000 





Applications: Oil or dry operation requiring high speed stops and starts, high cyclic 
rates, instant starting with heavy loads, or fast engagement and disengagement. 


Clutch 


anf | Diameter 


Bore 0.0. 





27 to 35 to 40 to 
51,000 


34,000 44,000 


50 to 
66,000 


13%" 13” 


%" to 
344" 


2%” to 2" to 











Single Passage 
Rotorseal 


OPERATION 


Pneumatic Actuation 
Constricting Type 


Quick Release 
Valve 


APPLICATIONS 


High Speed Cyclic Applications, 
General Power Transmission 


Flexline 
Clutch Control 


Timing 
Rotorseal 


SPECIAL 
CHARACTERISTICS 


Transmits Torque Through Rubber Side Walls, 
Complete, Automatic Disengagement, 
Drum/Friction Shoe Clearance Eliminates Drag, 
Acts as Clutch Coupling 


Limit Switch 


TECH DATA 
LITERATURE 


ML-176-A 
ML-172 
500-A2 





Self-Energizing, Spring 
Engaged — Air Released, 
Constricting Type 


Any Heavy Duty Cyclic Application, 
Fail-Safe Applications 


Automatic Engagement at Any Time of 
Pneumatic or Electrical Failure — Simple, 
External Adjustment 





Pneumatic Actuation 
Constricting Type 


Severe Clutch or Brake Duty 
With High Starting Load or 
Sustained Slippage 


Rapid Heat Dissipation, Low Diametral 
Size, High Torque Capacity 


ML-102-A 





Pneumatic Actuation 
Expanding Type 


Medium Speed Cyclic Operation, 
High Acceleration Loads, Slip 
Clutch and Tension Brake Applic. 


Heavy Duty Construction Resists High 
Heat Generation 





Pneumatic Actuation 
Expanding Type 


Slip Clutch Application With 
Severe Heat Build-Up, 
Heavy Duty Service 


Ventilated Shoe Aids Rapid Heat 
Dissipation; Relinable in the Field 





Pneumatic Actuation 
Expanding Type 


Slow Speeds, Moderate Starting 
Loads, Light Torque for 
Continuous Slip Service 


Transmits Torque Through Rubber 
Side Walls, Unusually Compact Mounting 





Pneumatic Actuation 
Expanding Type 


Flexible, Disconnectable 
Coupling for Engagement at 
Standstill or Low RPM 


Rubber Friction Surface Provides 
Maximum Torque for Smal! Diameter 





Spring Engaged, Air 
Released, Constricting Type 


Extreme Heavy Duty Cyclic Jobs 
Requiring Exact Stopping 


Same Effectiveness in Both Rotational 
Directions, with Extreme Self-Energization 





Pneumatic Actuation 
Constricting Type 





Self-Energizing, Spring Engaged—Air 
Released, Constricting Type, Fail-Safe 


Power Press Package Application, 
Also Adaptable to All High Speed 
Cyclic Machinery Requiring Precise 
Automatic Control of Single, 
Continuous or Inching Operations 


No Backlash, Simplified installation, 
Provides Manpower and Machine Protection, 
Reduces Flywheel Overhang 








Air, Water or Hydraulic 
Fluid Actuation 





High Inertia Starting & Stopping, 
Constant Tension Braking, 
Continuous Slip Clutching, 

High Rotational Speeds 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 





a 


fy 
Ny 
S 
| 


A 


Large Operating Pressure Range (0-75 psi), 
Rapid Heat Dissipation, Light Weight, 
Low Coolant Usage 


DA 


“EIPAVWAY ING EK 


/= 


9919 CLINTON ROAD °* CLEVELAND 11, OHIO 
Fowick Conodo, Ltd., 60 Front St., West, Toronto, Ont., Canada Ma 4. Fel ti —P.4 


INDUSTRIAL CLUTCHES AND BRAKES 


CIRCLE 261 ON READER SERVICE CARD 








| ES POWER TRANSMISSION 


CUSTOM-BUILT Power Transmissions 
from Standard FUNK Components 


FUNK Modular Units can be combined in an unlim- 
ited number of power transmission arrangements, 
quickly and economically — without special engi- 
neering costs. Only 3 standard flanges do the trick 
—fit practically any unit to any machine and any 
need. You get a custom- made system — at a produc- 
tion-line price. Our engineering department will be 
glad to work with you. 





REVERS-O-MATIC*DRIVES 


A single throttle lever changes your direction and speed 


of travel and controls this compact combination of hy-| 


draulically operated clutch 
and torque converter. It’s 
the simplest control yet de- 
vised for shuttle movement 
—up and down — forWard 
and reverse. Smooth, in- 
stant, positive action— 
without shock. Standard 
flanges readily adapt to 
other components. Ideal for 
road rollers, hoists and 
shovels. 





REVERSING 
TRANSMISSIONS 
A rugged, synchronized shift for 


fast reversals. Eliminates bring- 
ing machine to a complete stop 


TORQUE CONVERTERS 


A diversified line of compact 
short-coupled units. Fit SAE 
housings. Standard flange system 
adapts to any other Funk equip- 
ment 


to change direction. Ideal for 
loaders, conveyors and winches. 
Pictured with heavy-duty clutch 
housing. 








RIGHT ANGLE 
DRIVES 


Available 

eral heavy <« } 
high torque types. 
Mount up, down, 
right or left 
drives. Easily 
adapted. 





GEAR REDUCTION POWER TAKE-OFFS 


e”. %” and 6%” 
50, 75 and 90 H. P 
housings. 


gear centers. For 
engines with SAE 
Wide selection of standard 
ratios Equipped with 
standard modular 
flanges. Feature exclu- 
sive straddle mounted 
pinion. Twin-shaft and 
single-shaft models, 





INVO MASTER SPUR GEARS 


ULTRA-HIGH PRECISION 
FINE AND COARSE PITCH 


STANDARD MASTER GEARS 


ea 


2 a> 


FINE PITCH MASTER GEARS are 


POON STEER | aise tase nce 


geer life many times by maintain- 
ing the original bore accuracy. 





@ 1442° and 20° Pressure Angles 


@ Tolerances Finer Than M.C.T.I. and 
A.G.M.A. Stds. 


B Certified Inspection and Calibration 
Service Available 


[EAE] SPLINE, INC. 


P. 0. BOX 7 © WARREN, MICH. © Phone SLocum 7-8840 
Send for Stock List! 
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WRITE FOR CATALOG OF OUR COMPLETE LINE 


ot FUNK MFG. CO. 


P. ©. Box 577-D 
Send Us Your 
Power Transmission Problems COFFEYVILLE, KANSAS 
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sc.ecror WARIABLE SPEED 
DRIVES and SHEAVES 


ADJUSTABLE 
MOTOR BASE 


A most efficient and ac- 

curate variable speed drive— 

¥%, hp. to 10 hp. Low cost, easily 

installed, little or no maintenance. 
Check its many advantages! 


Write for Bulletin No. 95 


VARI-PITCH SHEAVES 


can give your machines wide- 
range speed control onfixedcenters 
—ratios up to 8:1— capacities 
from % hp. to 10 hp. Used by 
many industries in a variety of 
applications. Rugged, efficient, 
economical, simple to use. 


Write for Bulletin No. 80 


SPEED SELECTOR INC. 


P.O. BOX 312-F » CHAGRIN FALLS, OHIO 
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Which coupling cuts costs? 


All of Waldron’s many types will reduce maintenance and operating 

M W ROSEN, US Naval Ordnance Test Sta- ; : , - 
tion, China Lake, Calif. NAVORD Report 6569, costs, and Waldron’s engineers will help you specify the best one 
8 x 10¥2, 51 pp. $1.50. for your power transmission, whether the drive is big or small. 

Report covers test data on two con- 
ventional, but precision-quality, air- Max. torque 
‘raft planetary gear trains driven at Type Bore : 
craft planetary gear trains driven < inch-pounds 
20,000 and 27,500 rpm with as much 
is 70 hp. Measurements were made 
of the total acoustic energy radiated | Standard Gear 
and also of the unit intensities over Series A 
the frequency spectrum 0 to 30,000 
cps in a spherical radius about the 
transmissions. 


Francke 5; 
A law of ac : energy was dis- ' to 10¥ 967,000 
A law of acoustic ene rgv was di Pin Type 8 2 


BOOK REVIEWS 





The Noises of Two 


Max. rpm 





¥, to 7¥2 716,310 12,000 





covered for these two machines, which 
may possibly be valid for all gear 
trains. By the use of the law, a gen- 
eral equation for acoustic energy is Nylon Gear 
derived, the curves of which cor- Series M 
respond to the trend of the actual 
measurements. 
A hypothesis is presented that at All Nylon 
only moderate speeds the velocity of Series J 
air pumped out between the teeth 
approaches the speed of sound. The 
shock waves then formed in the air High Speed 1,197,000 
should add appreciably to the acoustic Series HS sinlesy 
radiated energy. An excellent cor- 
relation is observed between the data 


and the air hypothesis on one of the Cutout Coupling 


transmissions. | Anchor-Waldron 
From a more practical standpoint 


6 methods for quieting spur gears are 
listed. Thev include suggestions for Cutout Pull 
design of gear webs, gear case, gear Me - Maren Ye to 2% , 2,400 
teeth, ballbearings and shaft align- ncnor-Wardron 


ment. 

















2 to 2% 








2,920,000 St'd 2,000 


Heavy-Duty Gear 5,000,000 Forged 4,000 





Staff in Organization 


ERNEST DALE, L F URWICK. McGraw-Hill Bock High Misalignment 
| OW 42 St, NY. 8! 52, 241 
Co nc, 33 nd 3 Xx 2 g 400,000 6,500 


pp. $6. . Series X 
As a department or an organization 


grows in size, it is likely to find that 
its subdivisions become overburdened 
with problems in planning, control- This is merely a sample of the Waldron line, which also includes mill 


ling and coordinating their various motor, floating shaft, Jordan, shear pin, vertical, spacer, oil collector, 
functions. This book suggests an or- | marine, brake wheel, and continuous lubrication types. Write for cata- 
ganizational device that is often mis- | log or data sheets on the types you are considering. 
| 
| 
| 








understood by companies and even 
by organizational specialists: the use 
of general staff men. The general 


staff man, one of whose titles usually 
is “‘assistant-to,” is widely employed WALDRON 
in industry today, but because there 


is so much misunderstanding of his 
functions and status, he is often less 
valuable than he might be, and is 


WALDRON-HARTIG, Box 791, New Brunswick, N. J. 


a division of Midland-Ross Corporation mM 


continued on page 269 
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DODGE MANUFACTURING CORPORATION 


8900 Union Street, Mishawaka, Indiana 


Specialists in Mechanical Power Transmission 


of Mishawaka, Ind. 


Equipment Since 1878 





DODGE DYNA-V DRIVES : : . Save Space, Weight, Money! 


An entirely new line of V-belt drives that 
transmit more horsepower, require less 
space, generally cost less—and handle up 
to three times as much horsepower in a 
given space. Narrower grooves, to match 
stronger, narrower Dyna-V belts, greatly 
reduce the width and weight of Dyna-V 
sheaves. Dyna-V belts are built with a 


crowned top which keeps the Flex-Bonded 
cords in alignment so that they share equally 
in carrying the load. Dyna-V sheaves have 
Taper-Lock bushings for quick, sure mount- 
ing—interchangeable in other Taper-Lock 
products. Dyna-V drives are stocked in two 
belt widths for capacities to 200 hp. Drives 
up to 1500 hp furnished on order. 





DODGE TAPER-LOCK ROLLER CHAIN DRIVES .. . No Reboring! No Waiting! 


All to ASA Standards. Dodge Taper-Lock 
sprockets are modern—save time and 
money. Single Strand Chain and Sprockets 
—Nos. 35 to 160. Sprockets to 112 teeth. 
Double Strand Chain and Sprockets—Nos. 
35-2 to 80-2. Sprockets to 112 teeth. Double 








Series (Nos. C2040 to C2100). Sprockets to 
112 teeth, with special double pitch design in 
17, 19, 21, 23, 25 and 35 teeth sizes—sizes 
in which special spacing is required for per- 
fect tooth action. Conveyor Series, Large 
Roller—Nos. C2042 to C2102. Standard 








Pitch Chain and Sprockets—Transmission 
Series (Nos. 2040 to 2080) and Conveyor 





Attachments. Steel Plate Type A Sprockets 
—Nos. 35 to 120. 








DODGE FLEXIDYNE “DRY FLUID” DRIVES 


Flexidyne is the surest way to start loads 
smoothly—to protect motors against dam- 
aging overload—without any sacrifice of 
efficiency at full load! \t is a “dry fluid” 
drive that uses heat-treated steel shot as a 
“flow charge.”” Initial slippage is momen- 
tary. Housing and rotor become locked to- 
gether by the flow charge and full load is 


achieved without slip and at 100% effi- 
ciency. Flexidyne’s “‘soft start’”’ eliminates 
the need for oversize or high torque motors. 
Equipment lasts longer. And big savings are 
possible in the processing of materials that 
readily break. Eight drives, ten couplings— 
fractional to 1000 hp—available from stock. 
Larger sizes furnished to order. 





DODGE PARA-FLEX FLEXIBLE 


Here is a new type of performance made 
possible by the development of a reinforced 
rubber flexing element. The ‘‘4-way flex” 
of these unique couplings automatically 
compensates for end-float, parallel 
misalignment, angular misalignment or any 
combination of all three. It cushions the 
stresses of shock loads. And it absorbs 


CUSHION COUPLINGS 
torsional vibration—reducing noise and 
protecting machinery. 

Para-flexes take minimum space on the 
shaft. Mounting is simplified through the 
use of standard Taper-Lock Bushings. 
Standard type available in capacities up to 
2000 hp. Also High Speed and Flywheel 
types for speeds to 5230 rpm. 





DODGE TAPER-LOCK COUPLINGS... Chain, Rigid, Flexible 


Ready for the shaft without reboring or 
machining. Bushings are interchangeable in 
Taper-Lock products. 

Dodge Flexible Disc Couplings are avail- 
able from stock in shaft sizes from 4” to 
3”. Dodge Rigid Couplings from 4” to 6”. 
Dodge Taper-Lock Chain Couplings from 
¥," to 3”. Dodge Taper-Lock Chain Coup- 











lings permit sufficient movement between 
hubs to accommodate common minor angu- 
lar and parallel shaft misalignment. The 
double width chain and extra teeth give 
additional bearing area for higher horse- 
power ratings and longer life. Available 
with covers for safety, dirt protection and 
lubrication. 
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DODGE TORQUE-ARM SPEED REDUCERS... Quality, High Efficiency! 


America’s most complete line of shaft 
mounted speed reducers—57 models, Capa- 
cities from 1 to 170 hp. Output speeds from 
10 to 400 rpm. Single or double reduction. 
Ratios of 5:1, 15:1 and 25:1. Speed ratios 
up to 175:1 with correct selection of speed 
reducer and V-belt drive. Rugged, cor- 
rosion-resistant, semisteel housings. Rigid, 


widely spaced seats for anti-friction bear- 
ings. Heat treated, helical steel gears. 
Modern double-lip seals. Vertical or hori- 
zontal mounting. Reducer locks to shaft on 
both sides of housing. Holes in the output 
hub provide simple removal with puller. 
Overload release and built-in backstop 
are optional, 





DODGE AIR-GRIP CLUTCHES 


Maximum torque capacity in minimum 
space is provided by these fast, responsive 
air clutches, Full sensitivity of control from 
“inching” to complete engagement. Oper- 
ate at air pressures up to 140 psi—with 
minimum air volume, Quick-release air 
valves built into the clutch are available as 
optional equipment for operations requir- 


ing instant disengagement. Air seal disc is 
located at the end farthest from the pres- 
sure plates, which generate the heat in- 
herent in clutch action. Internally ventilated 
for cooler operation and longer life. 

Available from stock in single and double 
plate types. Capacities from 8.5 to 460 hp 
at 100 rpm at 80 psi. 





DODGE PILLOW BLOCKS WITH TIMKEN BEARINGS 


America’s quality pillow blocks—for ex- 
treme dependability of service, from 
general power transmission needs to indus- 
try’s heaviest, toughest jobs. Genuine 
Timken Tapered Roller Bearings give these 
pillow blocks their high radial and thrust 
load carrying capacities. Rugged. Precision 
built. Self-aligning. Easy to mount and 


demount. Assembled, lubricated, adjusted 
and sealed at the factory—ready for the 
shaft and for years of trouble-free, econom- 
ical performance. 

Available from stock in five types—Type 
E, Double Interlock, Type C, Special Duty 
and All-Steel. Shaft sizes, 15” to 12”. Ex- 
pansion and non-expansion. 





DODGE BALL BEARING 


The SC and SCM ball bearing pillow blocks 
have been developed to provide—at low 
cost—high quality, anti-friction bearing 
service for small shafts and moderate loads. 

They are assembled, lubricated and sealed 
at the factory ... ready for the shaft. Pre- 
cision built throughout, they feature deep 
groove ball bearings for high radial and 


PILLOW BLOCKS—SC AND SCM 


thrust capacity. Long inner race distributes 
load over greater shaft area. Metal backed 
synthetic seals that can’t blow. Rugged one- 
piece semisteel outer housing. Fully self- 
aligning. 

SC pillow blocks for normal duty on 
4” to 24%" shafts. SCM pillow blocks for 
medium duty on 11%" to 34” shafts. 





DODGE BRONZE BUSHED BEARINGS... with Replaceable Liners! 


The bearings with the liners that can be re- 
placed on the job without removing the shaft 
or bearing base. Costly downtime and dis- 
assembly of equipment are eliminated. 
Three types: Split Bronze Bushed Journal 
Bearings —1'%6" to 2456", Rigid Bronze 
Bushed Pillow Blocks—3%%" to 8”, Angle 
Bronze Bushed Pillow Blocks—1'5¢” to 8”. 


Especially suited for heavy loads, high tem- 
peratures and corrosive conditions. Dodge 
also makes Babbitted Solid and Split Journal 
Bearings, Heavy Rigid Pillow Blocks and 
Angle Pillow Blocks; Flange Bearings; Fan 
and Blower Bearings, including the famous 
Sleevoil Pillow Blocks (plain and water- 
cooled); and Bronzoil Pillow Blocks. 








CALL THE TRANSMISSIONEER — your local 
Dodge Distributor. Factory trained by Dodge, he 
can give you valuable help on new, cost-saving 
methods. Look under “Dodge Transmissioneer” 
in the white pages of your telephone directory. 


of Mishawoka, Ind. 
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Abhi F ie atTtTS TOr 
REMOTE CONTROL...POWER DRIVE...COUPLING... 


9.9. WHIT 
FLEXIBLE 
SHAFTS 


3 lines to choose from 
to meet ALL your needs 


J S.S. WHITE STANDARD FLEXIBLE SHAFTS 
.. are complete, ready-to-attach, always in 
stock. Save you engineering time... give you 
“off-the-shelf” savings. Four standard sizes. 








eK ae 


™“™ 


PRE-ENGINEERED FLEXIBLE SHAFTS... 
are shaft, casing, fitting combinations, 

based on designs proven in service. . 

quickly assembled for early delivery. 


CUSTOM-DESIGNED FLEXIBLE SHAFTS 
... to meet specialized needs. The engineering 


services of S. S. White are available to you 
Write for Free 
S. S. White Flexible Without obligation. 
Shaft Handbook, 4th Ed. 


; WRITE, CALL OR WIRE x (, l, tp 


cia Nant a FLEXIBLE SHAFTS / 


S. S.WHITE INDUSTRIAL DIVISION 


Dept.14,10 East 40th Street, New York 16, N.Y. + Cable “FLEXWHITE 








"ee Tel: MU 3-3015 
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BOSTON, QUALITY 


time-proved REDUCTOR’ and RATIOMOTOR’ reliability 
largest selection for worm-geared drives from stock 





Horizontal or vertical, right angle or parallel, single or double reduction, 
Reductors - for .10 to 15 HP drives - ratios 1:1 to 3600:1. 
Ratiomotors - .035 to 10 HP - output torque 4 to 9400 in. lbs. 
Detachable motor design. Motor can be changed in minutes. 
Ratiomotors sold also without motors as Flanged Reductors. 

1605 stock sizes, types, ratios. See Catalog 57 for complete listings. 
IN STOCK at your nearby DISTRIBUTOR 


© Boston Gear Works, 1961 
Quincy 71, Mass. 
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FOR GREATEST RANGE AND 
\CCURACY 4 





CGfmaham or 


Graham’s completely redesigned drives give extreme | 
accuracy of speed holding and reset from any desired 
top speed to zero. This new-look, full line of field-proven 
drives incorporate the most wanted features developed 
by Graham in 25 years of building variable speed 
transmissions. 


The new design gives greater power, quieter operation, 
improved lubrication and linearity of speed adjustment. 
The clear-vision microdial permits speed setting and 
holding to one part in 4000. Planetary action provides 
complete overload protection. 


An all-new midget drive is the ultimate in range and 
accuracy for instrument drives and low powered equip- 
ment. A wide choice of built-in motors, reducers, and 
controls is available in all sizes — from 1/100 H.P. to 
3 H.P. 


FEATURES FOUND ONLY IN THE GRAHAM 


Accuracies over full range—including mechanical 
reverse—without speed variation due to belt stretch, 
voltage fluctuation, temperature change or viscosity 
effect. 

Full range linearity of control—speed is changeable, 
running or stationary. 

Optional “Speed Corrector” style for narrow range 
speed adjustment. 

Wide selection of controls; mechanical, pneumatic or 
electric, provide remote or automatic control of formu- 
la, proportion, tension, synchronization, etc., from any 
type of control signal—3 to 15 psi, 0.5 to 5 ma., punch 
card, ClipCard, etc. 


SEE OUR CATALOG 


i” SWEET'S 
\ PRODUCT 
OESIGN FLE—— 


for cory 


Write for full 
performance data. 


Ask for Graham Catalog 552. 


TRANSMISSIONS, INC. 


Menomonee Falls, Wisconsin 


Fractional H.P. 
Gearmotors 


STOCK MODELS or SPECIAL DESIGN 


von Weise is one of America’s largest and most modern 
manufacturers of dependable gearmotors % H.P. and less. 
von Weise stock gearmotors are available to fit most re- 
quirements. For special needs, let our engineers become 
part of your design team. Send us your specifications or 
write for descriptive literature. 


von Weise Gear Co. 








9349 Watson Industrial Park 


St. Lovis 26, Mo. 
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FLEXIBLE $ SHAFTS ° 


Cut Corners—Save Money 
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<A POWER DRIVES- COUPLINGS - REMOTE CONTROLS 


a e Eliminate Gears, etc. 
e Save Space, Weight 
= @ No Alignment 

Problems 


e Cut Assembly Time 


e No Exposed Moving 
Parts 
e Improve Efficiency 


Write for Engineering and Design data 


“Haromamn 


FLEXIBLE SHAFT CO., INC. 


116 Summit Ave., Chatham, N. J. 
MErcury 55-8500 
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BOOK REVIEWS continued 


sometimes a disruptive force in the 
organization. 

To ascertain when and how an ex- 
ecutive can utilize the device of the 
general staff, this book explores what 
executives do in their working time 
(one of the authors actually sat in 
the offices of chief executives for davs 
on end). It examines the various 
types of staff found in industry today 
and their relationship to the line; 
analyzes the theory and use of staff 
in military organizations, which en- 
countered the problem of large-scale 
organization earlier than industry did, 
and explains how military practice 
must be modified for industrial use. 
It discusses the use of general staff 
men by US Presidents, and shows 
what business can learn from White 
House experience. 

Actual case histories of successful 
and unsuccessful assistants-to—with 
analyses of the reasons for success or 
failure—provide guides for executives 
who are using or planning to use 
general staff men, for organizational 
specialists, and for men who hold the 
position or aspire to it. 


* 


Thermal Engineering 


and SPALDNG. John 
6 x 9%, 649 pp. 


SOLBERG, CROMER, 
Wiley & Sons Inc, NYC. 
$9.50. 

An undergraduate-level text that 
gives broad introduction to later 
courses in thermodynamics, fluid 
mechanics and heat transfer. It cov- 
ers these major topics: matter and 
energy; energy balance; thermodyna- 
mic properties of fluids; fossil fuels; 
nuclear reactors; internal-combustion 
engines; heat transfer; steam genera- 
tion; heat exchangers; turbines; pumps; 
compressors and refrigeration. 


x 


Design of Worm and 
Spiral Gears 


EARLE BUCKINGHAM and HENRY H RYFFEL. 
Industrial Press, 93 Worth St, New York 13. 
6x9, 464 pp. $15. 

The aim of the authors here has 
been to show how to obtain the bene- 
fits of improved design in spiral gears 
(crossed-axis helical gears) and worm 
drives through the use of all-recess- 
action design principles. 

The book does two jobs: (1) It pro- 


continued on page 273 
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PRECISION 


for top-i lig ght 
performance! 


Rigid Pratt & WHITNEY AIRCRAFT precision require- 
ments spell performance . . . top-flight performance. 
Reason: The future is at stake. And that future can well 
ride on gear teeth. Since 1940, PRATT & WHITNEY AIR- 
CRAFT gear tolerances have been Perkins’ standards . . . 
for commercial gears as well as aircraft. Such precision 
pays off in longer wear, greater efficiency, lower main- 
tenance cost. That type of precision can pay off for 
you, too. 





Famous Pratr & WHITNEY AIRCRAFT J57 Jet Engine, 
power plant for Air Force “Snark” guided missile, is 
geared for both commercial and military performance by 
Perkins. Typical tolerances on Perkins gears: .0004 tooth 
to tooth; .0015 cumulative; .0005 on involute. On spline: 
.0006 tooth to tooth; .0008 cumulative; .0005 on involute. 
Most Perkins gears are carburized, hardened and ground. 


YOURS ON REQUEST 
Folder showing cus- 
tom gears Perkins has 
made (from various 
materials) for aircraft, 
automotive, precision 
instruments, home 
appliances, portable 
machine tools, 
er products. 
Includes Perkins fa- 
cilities for producing 
various gear types and 
sizes. Write today. 


MACHINE AND GEAR CO. 


Dept. 62 West Springfield, Mass. 
Telephone: REpublic 7-4751 
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FRACTIONAL Woy. 


SPURS. from Spur Gears made from punched SPIRAL BEVELS..Gearsand Pinions madefrom HELICALS..and Spiral Gears are made of any 
blanks to ultra precision cut. Applications in- alloy steels and hardened. Also, straight and material . . hardened and polished if required. 
clude appliances, sewing machines, office ma-_ zerol type teeth. Used in outboard motors, port- Used in speed reducers, power tools, diesel engine 
chines, instruments. able tools, lawn mowers and cameras. fuel pump systems, etc. 


ee 


VAAN NANAN 


a 


WORMS... complete facilities for milling, hob- WORM GEARS... Laminated Plastic, Bronze, ARMATURE SHAFTS... Worms, Spur and Spiral 
bing, grinding and super finish by an exclusive Nylon, Cast Iron, or Steel. Cut in curved and Pinions, as well as Spiral Bevel Pinions cut in- 
G.S. generate-polish. Typical uses: speed re- straight face. G.S. patented grooves for quiet- tegral with shafts. Diameters \%” and up. Used 
ducers, business machines, coin operated phono- ness. Used in valve seat grinders, food mixers, in floor polishers, fans, portable tools, etc. Gear 


graphs, fans, clippers, military equipment. meat slicers, speed reducers, automatic phonos. sections hardened as needed. 


rep oe 


aS ber ss 


ik. ™ Sk 


UNUSUAL FORMS... Clutches, Sprockets,Cams, SPECIAL COMPONENTS... high precision parts INTERNALS..cut to exacting specifications up to 
Segments, Lead Screws, Adjusting Worms. Mass for military and aircraft applications. Serra- 6” pitch diameters. Typical applications: air 
manufactured for chain saws, outboard motors, tions, Splines, and Milling are held to close operated hoists, floor machines, radio equip- 
check protectors, marine steering, telephone limits with precise tooth alignment, ment, navigating instruments. 

answering devices. 


G.S. MAKES YOUR SMALL GEARING 
WITH CUSTOM PRECISION, IN PRODUCTION GE INR 





RUNS...AT PRACTICAL COSTS 


Whether your needs are numbered in the hundreds or the thousands 
. . . for any form of Fine or Intermediate Pitch Gearing . . . un- * « 

matched G.S. UNIFORMITY gives you greatest freedom from Specialties Inc. 
rejects, smoothest assembly, best field performance you'll ever / 

find! G.S. standards are high—and they’re backed by the most 
efficient machinery to be had, first-class design and production 


2635 WEST MEDILL AVENUE 
engineering, jm control systems which aim at perfection. If oo tier \clome ram ia a, Lele 





you need production runs of Small Gearing from 8 to 120 dp., 
from 44" to 8" diam., send drawings, specifications or a complete 
description of your project for suggestions, ideas and cost esti- SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
mates without obligation to you. WORM GEARING * RACKS * THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 


s <>) SEND FOR FREE Small Gearing Guide. It describes many OF FRACTIONAL HORSEPOWER GEARING 
e 3 types and applications, contains useful charts. Please ask for your 
USS copy on company letterhead. 
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CIRCLE ESS BIG 


Over 180 standard “FLEXIBLE SHAFT 
COMBINATIONS 


Thousands of Pre-Designed “FLEXIBLE SHAFT 
Special Combinations 


Experience to Design a “FLEXIBLE SHAFT 
Combination for Your Specific Application 





* All Circle Ess Flexible Shaft Combinations Available 
with Mono-Directional or Bi-Directional Cable 











Ki 


ewe El Ke 


Circle Ess Standard Circle Ess Standard 
used with Servo used with Variable 
Motor Speed Motor 


Circle Ess Standard 
used with Hand Held 
Tachometer 


Plus 


A Complete Line of Small 
Angle Drives 


“T” Angle Drive Right Angle Drive 


We Solicit Your Inquiry and the 
Opportunity to Offer a Quotation 


EW. STEWART CORP 


4311-13 RAVENSWOOD AVENUE : CHICAGO J3, ILL. CD 


WEST COAST PLANT: 2404 So. Grand Ave., LOS ANGELES 7, CALIFORNIA 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 CIRCLE 271 ON READER SERVICE CARD 





| TEs | POWER TRANSMISSION 








CREATIVE 


Electromagnetic 
Clutch-Brake 











”[Fimplatrol 


STEPLESS VARIABLE SPEED 


This 16-page catalog gives you all you need to 
know about fhp variable speed problems. It also 
describes over 30 basic models of fractional 
horsepower variable speed drives which are 
available with or without motors, gearheads and 
reverse. 


a Send for Your Free Copy Now! 
design and engineering. 
There is no other clutch-brake unit like Simplatrol The : enn Company 


++.no other package which delivers the same ultra 2879 Harriet Ave. So. 

swift response, the same smooth silent operation, the ee i — 

extra long life. Only Simplatrol has just one moving 

part... the Simplatrol diaphragm .. . to reduce wear CIRCLE 733 ON READER SERVICE CARD 

to the lowest degree possible. —_—_—_—_—— - 
Whether your drive problem is in instruments, 

data processing equipment, packaging machinery, or 


and braking you'll nd a creative, producive onwer || IN THIS ISSUE—A 

in the Simplatrol package. | 

NEW READER SERVICE! 
Simplatrol Electric Clutches & Brakes 


In Fixed Field and Rotary Field Styles THE DESIGN ENGINEERS’ 
From 10 ounce inches to 470 pound feet PRODUCT CATALOG INDEX 





























The patented Simplatro!l diaphragm action has 
opened new doors in creative electric clutch-brake 








Here’s a new service that will give 
you details on over 1500 catalogs 
and bulletins now available from 
suppliers. Not a directory—but an 
index! All literature classified under 
product headings and alphabetically 
by companies. Tells you what's 
available; gives you sources of sup- 
U h od h ' ply: enables you to be se gy need 
you now have is up to date other 
nmate Anyw eres great PRODUCT ENGINEERING ex- 
clusive. 
Ask for complete 


and detailed literature 


THIS NEW INDEX STARTS 
implatrol prod : 
: Si itinitesammenoe,” | OM SAGE S00 


REPRESENTATION IN KEY INDUSTRIAL AREAS 
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CROWN 
‘‘PACKAGE”’ 


+ 


wrap up 
your right-angle 
design problem! 


. .. And the transition to the “Package” 
concept of right-angle power transfer is 
that simple with this easy-reference tem- 
plate kit. 18 basic Crown right-angle 
units are shown on six template sheets, 
each full scale. 

WHY spend countless hours on research 
and drawings? WHY purchase expensive 
patterns, core boxes, castings, steel and 
other materials? WHY manufacture fix- 
tures and gages? WHY machine, inspect, 
assemble and test components? 

WHY NOT OBTAIN THE IDEAL SOLUTION 
TO YOUR RIGHT-ANGLE PROBLEM... 
IMMEDIATELY, AND AT TREMENDOUS SAV- 
INGS? 

Your local Crown Gear Distributor 
(Listed in Power Transmission Design Di- 
rectory) has the answers ... and your 
Template Kit. Call him or consult factory. 


320 PARK AVE., WORCESTER 10, MASS. 
A Division of Harrington & Richardson, Inc. 
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BOOK REVIEWS........ beoves continued 


vides a step-by-step guide to the design 
of worm and spiral gear drives with 
all-recess action and (2) it presents 
certain basic principles with practices 
that enter into the successful design 
and manufacture of gears and gear 
drives of all types. 


* 


Expendable Modules as 
Bases for Disposal-at-Failure 
Maintenance 

STONE, MEISSNER, SCHWARZ. Office of 
Technical Services, Dept of Commerce, Wash- 
ington 25, DC. 8 x 101, 79 pp. $2.25. 

It is known that ordinary mainte- 
nance procedures cannot cope with 
new miniaturized, complex circuits, 
and expendable (throw-away ) elements 
may be the only answer. But problem 
of disposal-at-failure maintenance is 
that cost may be excessive. This 
book attempts in a somewhat gencral 
way to compare economies of both 
techniques, and succeeds mainly in 
defining the problem, giving good 
equations and rules to follow for any 
set of circumstances. 


* 


Power to Produce 
The Yearbook of Agriculture, 1960; Alfred 
Stefferud, editor US Dept of Agriculture. 
Available from Supt of Documents, US Gov- 
ernment Printing Office, Washington 25, DC. 
52 x 82, 440 pp. $2.25. 

The importance of the USDA vear- 
books put out by Alfred Stefferud, his 
contributors and copy readers, is not 
only in what they say but how they 


say it. Here is little of that gobbledy- | 


gook that has given Washington a 
bad name. Specifically, these vear- 


books demonstrate that the language 


of science and technology can be use- 
fully clear and interesting—without 
sacrificing accuracy. 

Previous yearbooks have focused on 
such phases of farming as genetics, 
agronomy, chemicals. The 1960 
volume spans the field of power as it 
applies to the aspects of today’s mech- 
anized farming. This book is for the 
farmer and the agricultural __re- 
searcher; it is also for engineers who 
want to develop new methods and 
equipment that will catch the interest 
of the farmer (or his marketing organ- 
ization )—the kind of tractor clutch 
or egg conveyor he wants; the hyper- 
bolic paraboloid that shapes the roof 


continued on page 275 














MINIATURE 
FLEXIBLE COUPLINGS 


FEATURE © No Backlash © Cam- 
pactness and Lightweight 
© Accommodate both lateral 
and angular misalignment 
© Choice of types offer clamp- 
ing or set-screw hubs 


Type MPC-I consists of two flanged 
aluminum hubs and nylon or Delrin 
discs with V-grooves that are dis- 
placed 90° with each other. Discs are 
fastened with stainless steel springs 
loading ball pivots against V-grooves. 
Dimensions 7% x 7% in. 

Type MPC-2 has two cylindrical 
aluminum hubs, each with two ball 
pivots attached. Hubs are attached 
to a pair of flexible phosphor bronze 
discs which hold and load the ball 
pivots. Dimensions % x % in. Both 
types have range of bores to accept 
shafts from .120” to .250” and meet 
MIL-E-4970 and withstand —80° to 
200°F and shock to 100 G. 


ADJUSTABLE 
i) S| ee 1 OR ES | 


FEATURE © Adjustment over a 
wide torque range ® Compact- 
ness and lightweight 

Type ASC-1 is % x 1” 

Type ASC-2 Miniature is 4%” x 5%” 
Both are constructed of aluminum 
hubs, Delrin’ on stainless steel clutch 
plates and stainless steel hardware. 
These rugged, high performance 
clutches are friction units to protect 
components against excessive or in- 
ertia shock loads. Range of bores to 
accept shafts from .120” to .250”. 
These clutches meet MIL-E-4970 
specs. ¥* @ DUPONT T.M. 


TECHNOLOGY INSTRUMENT CORP. 


533 MAIN STREET, ACTON. MASS. 


8530 WILSHIRE BLVD. 
BEVERLY HILLS. CALIF. 
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TRANSMISSIONS featuring _Electro-Magnetic Control 


q 9000-B (1-10 H. P.) 


TORQUE RATING: 
1400 pound inches 
output 
350 pound inches input 


>, 900 r.p.m 
180 r.p.m 


GEAR RATIOS: 
1 :1—3:1—3.14:1 
Special ratios 3 


cost 
Maximum Reduction 
5.071 


8100-B (10-20 H. P.) 


TORQUE RATING: 
700 pound inches input 
2800 pound inches 
output 
HORSEPOWER 
RATING: 
10 HLP., 
input 
20 H.1., 1800 r.p.m 
input 


GEAR RATIOS: 
1:1—2:1—3:1 


ww) repom 


) 4:1 
Special ratios at extra 


cost 

Maximum Reduction 

6.00: 

14800 (left)—Four spe 
cial speed changes uy 
to limit of ease 10:1 

14900 (left)—-Four speed 
changes in geometric 
progression at Ye 71 
(total reduction of 5 

TORQUE RATING: 

1400 pound inches input 


for industrial and 
agricultural machinery, 
automotive trucks, trac- 
tors, refuelers, industrial 
shovels, cranes, shop 
and lift trucks, concrete 
mixers, road builders, 
diamond drills, machine 
tools 


Send for catalog and 
complete information 


9300 (30-60 H. P.) below 
TORQUE RATING: 2100 Ib. in. input; 


12,000 Ib. in. output. 

H.P. RATING: 20 HP. at 900 R.PLM. 60 
H.P. at 1800 R.P.M 

Fight Speed Changes in geometric progres 
sion of 1.29 (total reduction 6:1) Special 
ratios at extra cost 


Transmissions with Electro-Magnetic 
Clutches provide speed changes and re- 
versing under power, without interrupting 
power source . SO equipped are avail 
able with two to eight speeds, capacities 
from 52 to 750 foot pounds and a wde 
ratio selection (up to 10:1). Manual or 
automatic controlling of speed changes 
accomplished with electric switches, tape 
cam or other remote contro! means avail 


7500 pound inches 
7500 po’ che able. Especially adaptable to automatic 


machinery where transmission is not 
accessible to the operator. Model 14800- 
EC (above) Control Box has cover Plate 
removed. 


ISSIONS 


Se eek eB | 
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>, 900 rT. p.m 


rie il r 
input 


WESTERN TRANSM 


. 1800 r.p.m, 


MICHIG 








| WORM GEAR 
SCREW JACKS 
by JOYCE 


rT 


For... 

Pressure and Torque Applications 
Actuating 
Conveyor Adjustments 
Machine Adjustments 
Leveling Systems 
Welding Positioners 
Jigs 
Testing Equipment 


This is a TINYMITE 
Flexible Coupling 


*6,46,0.0:6.4, 6 €, 0) 1 oe & 


4 


You save space and weight with Ren- 
brandt Miniature Flexible Couplings. They 
have torsional rigidity, angular and linear 
flexibility, low inertia . . . and yet are 
ENTIRELY FREE OF BACKLASH. The 


Models, one ton and up. Can be driven by 
motors or manually operated ... synchronized 
by interlocking shafting and gear boxes. Various 
screw attachment heads available ... also 
Stainless steel or hollow screws. 

SEND COUPON FOR FOLDER TOoDay! 


re egececeaogeeeae 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 
Rush folder on Worm Gear Screw Jacks! 


NAME 





COMPANY. 





unique disc-type design assures long life 
at a moderate price. A complete line is 
available for 4g” through 12” shafts in all 
combinations. Many hub A. including 
clamp and set screw. 

For exacting requirements specify Ren- 
brandt Couplings. Prompt delivery on pro- 
totype or production orders. Send for catalog 
or send your requirements for quotes. 





Low cost. No backlash. 
Nylon insulating center 
piece. For manual con- 
trols, tuners, plug-in 
units, sub-miniawyriza- 
. YY” dia. by 

Std. sizes 


Special sizes avail- 
able. 








Renbrandt, Inc. 

6-3 Parmelee St. 
Boston 18, Mass. 
tel: Highlands 5-8910 
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BOOK REVIEWS eeeeess -continued 


of his new turkey porch; the special 
gadgets such as tenderometer, fibrom- 
eter, succulometer. The book even 
remembers to bring in the transistors 
and computers now used to give him 
phone service and plan his electric 
power. 

With the usual capable prose go 
the USDA’s usual instinct for the 
right photos and sketches. The 61 
papers by researchers and engineers 
are grouped into nine main sections: 
Power in the Past; Power in the 
Present; Power on the Land; Power in 
the Harvest; Power in the Market; 
Power and Efficiency; Power and Its 
Effects; Power in the Future. 

—WG 


* 


Handbook of Consulting 
Practice for Mechanical 
Engineers 


American Society of Mechanical Engineers, 29 
W 39th St, NY 18. 6 x 9, 32 pp. $2. 


This handbook sets forth the 
proper approach in obtaining profes- 
sional engineering services, in estab- 
lishing the fundamental structure for 
engineering agreements, and in deter- 
mining the general conditions that 
should apply to the conduct of engi- 
neering assignments under various 
types of agreements. 

Although this publication has been 
copyrighted, the Engineers Joint 
Council gives permission for it to be 
adopted and reprinted as a whole by 
any professional engineering society 
of this country on application in writ- 
ing-so that records may be kept. 
Such societies may issue their own 
copies and include in an appendix 
those practices which are important 
to them but are not discussed in this 
publication. 


The Role of Viscosity 
in Lubrication 


OSCAR C BRIDGEMAN. American Society of 
Mechanical Engineers, 29 W 39th St, NY 18. 
83% x 11, 107 pp. 

The material includes proceedings 
of an ASME Symposium held March 
10-11, 1958, sponsored by the Lubri- 
cation Division. Topics include: ef- 
fect of temperature, pressure and rate 
of shear on viscosity; sensitivity of 
equipment and machines to variation 
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in lubricant viscosity; lubrication of | 


roll-neck bearings and gear - drives; 
effect of viscosity on hydraulic sys- 
tems; design criteria for selecting 
viscosity; gear lubrication and vis- 
cosity; recent research and develop- 
ment work in rolling bearings; effect 
of temperature and pressure on vis- 
cosity as related to hydrodynamic 
lubrication. 


Basic Human Factors for 
Engineers 


PAUL A VERDIER. Exposition Press Inc, 386 
Park Ave South, New York 16. 5% x 8%, 
108 pp. $4. 


A book with this title should have 
been welcome and significant for all 
engineers concerned with the design 
of man-operated products. Because 
specialists in human factors engineer- 
ing have already developed a wealth 
of data (PE—Sep 12, p 71)—in 
fact, the presentation of this data in 
forms more directly applicable by the 
equipment designer is a long-felt need. 

Unfortunately this book can help 
to satisfy that need only limitedly, be- 
cause it is concerned almost solely 
with measuring and comparing the 
ability of operators to perform already 
established tasks. This means that 
there is little here that can be applied 
to shaping and dimensioning a ma- 
chine properly for human use—in fact, 


anthropometrics and biomechanics— | 


two of the most significant contribu- 
tions which human factors specialists 
have made to equipment design—are 
ignored. They are not even included 
in the author’s listing of “basic human 
factors.” 

Mr Verdier’s concept of task analy- 
sis may conceivably be of help to 
Propuct ENGINEERING readers.—]K 


Other Books of Interest 


Leadership and Organization: 
A Behavioral Science Approach 
R Tannenbaum, # R Weschler, F Massarik. 
McGraw-Hill Book Co Inc, 330 W 42nd St, 
NY 36. 6% x 9%, 456 pp. $7.50. 

Discusses most of the psychological concepts 
involved in leading and managing formally 
organized groups, such as engineering staffs. 


Management Guide for Work 
Simplification 
B T Lewis, W W Pearson. John F Rider Pub- 


lisher Inc, 116 W 14th St, NY 11. 52 x 82, | 


80 pp. $1.50. 
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FARMATIC 


HYDRAULIC WINCHES 


@ Fully-hydraulic proven design 

@ Line pull capacities 6000-22,000 Ibs. 
@ Simple, single-valve control 

@ Automatic pressure-actuated brake 


Gearmatic’s sensational new hydraulic 
winches . . . models 6, 11 and 22... 
reverse at 0 to 5.25 times forward speed, 
unloaded or under load. Automatic revers- 
ing is also available. Write for Bulletin 
H-860. 


COMPANY LTD. 


7400-132 Street, North Surrey, B.C., Canada 
GHCD-61 
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To the 
businessman 
who can 

see beyond 
here 


Our population is growing, moving, shifting. And more 
people than ever need more goods — opening new areas in 
which to build your business, to provide more jobs in Amer- 
ica’s growing economy. 

But how? And where? These key questions are answered 
best by marketing research, often costly and time-consum- 
ing. But it doesn't have to be. And it isn't—if you consult 
your U.S. Department of Commerce. On file, it has a 135- 
million-dollar fund of marketing data—vital and valuable 
up-to-date facts. Yours for the asking. 

You'll find information in depth on U.S. business, manu- 
facturers, housing and many other basic aspects of market- 


ing. It will help you pinpoint your profit potential and select 
the best areas for your product, industry or service. (A de- 
tailed study of 750,000 blocks in 475 cities will even help 
you find the ideal corner for a retail outlet.) 

Take advantage of the many ways in which your business 
can grow. In new U.S. markets. In foreign markets. In de- 
veloping new products and services. In attracting new 
industry to your community. Just write or phone the U.S. 
Department of Commerce Office of Field Services in your 
city, or Washington 25, D.C. Your U.S. Depart- 
ment of Commerce is always ready to help you @ 


grow with America! 


NOW’S THE TIME TO GET GROWING IN A GROWING AMERICA! 
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MECHANICAL 
PARTS AND 
DESIGN ANALYSIS 


PHOTOELASTIC COATINGS ANALYZE STRESS 
by Felix Zandman ... . 


DON’T CONFUSE MASS WITH WEIGH 
by A E Schuler 


WHEN BEARING BLOCKS ARE NEEDED 
SELECTING AND APPLYING CASTERS 


HOW LABELLING MACHINES WORK 
by J A Cuckson 


RESIDUAL-STRESS CORRECTIONS FOR FATIGUE 
by J Morrow and G M Sinclair 


DESIGN ABSTRACTS 


TRENDS: 


@ There is growing interest in experimental techniques to better analyze highly 
stressed parts before building prototypes. One of these techniques, Photostress, 
permits observation and measurements of surface strains on actual structure 
and parts during operation. Residual stresses are also getting more attention. 

Operating speed of most equipment is still being increased—the limiting factor 
being amplitude of dynamic vibration rather than the power required. This is 
calling for more accurate analysis of critical speeds, and more careful considera- 
tion of mass-vs-weight ratios. 

In bearings, the current need for high-speed, lightly loaded parts is emphasizing 
air and gas gearings. Theoretical analysis is refining the design equations; 
experimentors are developing better configurations; applications are evident in 
almost every field. Porous bearing materials offer the advantage of providing 
airflow for gas-bearing operation. 

The standbys of mechanical design—springs, cams, linkages—are being com- 
bined in novel ways as designers meet new problems. For example, coil springs 
are combined with linkages to obtain constant force over a wide range of 
deflection; cams are combined with gears to provide complex output motions. & 
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From: Metal Progress 


1... PATTERN ON THE 
PHOTOELASTIC COAT- 
ING reveals stresses de- 
veloped in a front axle 
carrier under 40% ver- 


tical load and 30° taxi 


turn conditions Max 
shear stress at A (6%) 

ly (1-02) 123,500 
psi Arrowhead  repre- 


senting A (6%) almost 
obliterates a small cir- 


cle in the pattern, 
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PHOTOELASTIC COATINGS ANALYZE STRESS 


Direct observation of the stress distribution of an actual part under 


load is possible with this coating technique. The direction and magnitude 


of principal stresses are easily determined and test results can then be 


recorded by color photography. 


FELIX ZANDMAN 
Director of research 
Instruments Div, The Budd Co 
Phoenixville, Penna 


WA hen 1 part coated with a special 
plastic is strained, the coating follows 
Under 
polarized light, patterns or “fringes” 


the deformation of the part 


ippear that can be interpreted quan 
titatively in terms of principal strains 
Colored 


fringes give the magnitude of shear 


on the surface of the piece 


strains when viewed under normal 
incidence light. Oblique lighting is 
used to obtain principal strains. Black 
fringes give the direction of principal 
\ test with this coating— 
“PhotoStress,” as it is 


equivalent to a test in which an in- 


strains 
termed—is 


278 





finite number of tiny strain gages, 
with virtually zero gage length, are 
uniformly distributed over the surface 
of the part. 

A major advantage is the technique 
can be applied to actual parts; this 
eliminates uncertain results obtained 
when testing a photoelastic (plastic 
model of the part under a simulated 
load. Many structures hard to meas- 
ure by usual means have been analyzed 
technique. Almost 
any part, made from almost any mate- 
rial, can be coated with plastic and 
tested. Direct observation of the over- 


with this new 
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all strain distribution of a part is pos- 
sible under static or dvnamic load con- 
ditions. Since PhotoStress is a non 
destructive technique, it can be used 
for long periods of time in checking 
such structures as bridges, dams, air- 
craft, mine shafts, or ship hulls. 


TEST PROCEDURE 


The part is cleaned thoroughly. It 
is then made reflective by polishing 
(rough polishing is adequate). The 
photoelastic plastic is applied—cither 
as a brush-on coating or as a thin 


sheet bonded to the part. When a 





reflective cement is used, polishing the 
part is unnecessary. 

After applying the test load, the 
surface of the part is observed through 
a polariscope to check for over-all dis 
tribution of strains. This instrument 
contains an adjustable light source, a 
polarizer lens, an analyzer lens and a 
compensator. Areas where color fringes 
are concentrated correspond to areas 
of stress concentration. ‘These areas 
are usually investigated quantitatively 
to determine the magnitude and di- 
rection of the principal strains. Stress 
values and directions of principal 
stresses can then be calculated from 
these strain measurements. Photogra- 
phy is often used to record the po- 
sition of fringes, their displacement 
under load, and evidence of residual 
strains after testing. 


Limitations 

Stresses cannot be measured in areas 
inaccessible to light. Residual strains, 
however, are measurable if a com- 
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MECHANICAL PARTS AND DESIGN ANALYSIS 


. PHOTOSTRESS STRAIN GAGE can be used as: 


(B) load cell, (C) torque indicator. 


COATING PROCEDURE 


Step 1. Clean and degrease the parts with ace- 
tone. 

Step 2. Prepare contoured sheets of photoelastic 
plastic according to the following procedure: 

(a) Pour the liquid plastic into frame lying on 
a fict, horizontal plate. The amount of plastic 
is calculated according to desired final thickness 
of the coating. 

(b) Cure at room temperature for 2 hr. After 
that time, the liquid becomes partly polymerized 
(initial gel). 

(c) Remove the partly polymerized sheet of 
plastic (which is very soft) and shape it directly 
on the part, leaving it in place for at least 3 hr. 

(d) After the 3 hr cure, lift the contoured sheet 
and spread reflective cement (aluminum-filled 
epoxy resin) on the metal part. Then bond the 
sheet to the part. 

(e) Allow 24 hr for the cement to polymerize at 
room temperature. 

When this procedure is followed, no parasitic 
color pattern will be present in the coating, and it 
will be of reasonably constant thickness (usual 
variation, 5% max). Sheets are laid side by side, 
as in a mosaic, to cover the desired area. 


(A) a strain 
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ponent part can be dismantled after 
loading and then examined under 
polarized light. 

The strain-sensitivity constant, K 
varies for temperatures outside the 
range —44 to +110 F. Corrections 
of K can be made for test temperatures 
outside this range. 

The upper temperature limit is 
500K, is testing time does not exceed 
30 min. For long-term measurements, 
the limit is 300F. If the thickness 
of the plastic coating is comparable 
to the thickness of the part under test 
errors might be introduced. Correc- 
tion curves can be consulted to adjust 
for these factors. 


STRESS ANALYSIS OF LANDING GEARS 


Two landing gears, made of 4340 
steel and 7075 aluminum forgings, 
were completely coated with the pho- 
toelastic plastic. (See box on preced- 
ing page for coating procedure.) After 
mounting into frames, seven different 
loads were applied by means of hy- 
draulic jacks, simulating operation of 
the gears in service. For each load in- 
crement, strains were measured and 


photographed. 


Calibration 

Average strain sensitivity of the 
coating is given only within 10%, 
and since more accurate results had 
to be obtained, the coating was cali- 
brated prior to the test. 

A l1-in.-wide strip, cut from each 
sheet of plastic, was bonded to a can- 
tilever beam where the strain was 
calculated at various points. The strain 
sensitivity was determined by applying 
the formula: 


> t) 
=? 2t(a— a) 

where 6 is the measured optical effect 
in inches, t is the thickness of the 
coating in inches and (¢, — ¢,) is the 
calculated strain difference (in. per 
in.) at a given section of the cantilever 
beam. Based on this K-factor, 0.087, 
a nomograph was constructed giving 
the shear stress directly as a function 
of polariscope reading and thickness 
of coating. (This nomograph appeared 
in PE, June 22, 1959—Ed.) 


Measurements 

The directions of principal strains 
were obtained within +2°, by tracing 
the black fringes (isoclinics) directly 
on the plastic. By carefully measuring 
the colored (isochromatic) fringes, the 
magnitudes of the difference of prin- 
cipal strains (hence max shear strains ) 
were obtained. Photographs of these 
fringes were taken from all sections of 
the landing gear. The accuracy of 
the strain magnitude determinations 
was within +15 microin. per in. (or 
+225 psi shear stress). 

Fig 1 shows typical isochromatic 
patterns on the surface of the lower 
axle of the main gear under a load- 
ing condition of 600,000-Ib (40% of 
possible load) “vertical load” and 30° 
taxi (aircraft) turning conditions. The 
highest shear stress is at A, and it cor- 
responds to 123,500 psi. Every iso- 
chromatic is a line of equal shear 
stress. The first isochromatic corre- 
sponds to 19,000 psi; the second to 
2 x 19,000 = psi; the third to 3 x 
19,000 = 57,000 psi, and so on. At 
point A the fringe order is 64 fringes, 
or 123,500 psi. Test results gave the 
complete stress distribution in the B- 
58 main and nose landing gears. Load- 
ing conditions that imposed the high- 
est stress condition on the landing gear 
were found. Areas in which design 
changes should be made to improve 
stress distribution were delineated. 


FUTURE POTENTIAL FOR THE METHOD 

As in any strain-measuring tech- 
nique, photoelastic coating tests can 
be part of a transducer system. A de- 
vice such as a weighing system can be 
coated with plastic. Under polarized 
light, the variations in color patterns 
that develop during operation can be 
picked up by a photocell and con- 
verted into variations in electric cur- 
rent. The photocell output is then 
sent to any suitably calibrated recorder 
or scope. 

This type of transducer system is 
very useful in instances where me- 
chanical or electrical contact between 
the stressed part and the recording 
instrument is difficult. As an example, 
a conventional torque meter requires 
slip rings on high-speed shafts te col- 


lect and transmit the current gener- 
ated at the strain-sensing device. These 
rings are difficult to build and are 
somewhat inaccurate at best. With 
the photoelastic coating technique, 
continuous, accurate torque measure- 
ments of a rotating shaft are possible, 
with no physical contact between 
shaft and instrument. The same type 
of system can be used with pressure 
cells, load cells, extensometers or max- 
imum stress warning devices. 

The PhotoStress strain gage is a 
direct-reading, strain-sensitive device 
which requires no instrumentation. 
This small, rectangular piece of plas- 
tic shows permanent color fringes be- 
side a graduated scale and is covered 
with a polarizing material. As a load 
is applied to a structure on which the 
gage is bonded, the color fringes shift 
to a new position on the scale. The 
displacement of the fringes is directly 
proportional to the strain. The gage 
can be calibrated to read directly in 
terms of Ib, in.-lb, or psi. The ae 
can also be employed to indicate load 
misalignment of mechanical presses 
and testing machines. 

A limitation is that the gage meas- 
ures only average stress in the area 
covered and should not be used in 
areas of stress concentration where the 
application of the standard Photo- 
Stress coating technique would be 
more appropriate. However, an at- 
tractive feature of this gage is its abil- 
ity to provide direct read-out without 
instrumentation of any kind. 

These gages can be used as perma- 
nent indicators on tools, machinery 
and structures. Fig 2 illustrates three 
applications. 


Telemetering 

A television camera can be placed 
behind a large-field instrument and 
measurements of observations made 
on the screen of the receiver. It is 
possible to investigate what is hap- 
pening several miles away, in such 
structures as dams, bridges, missiles or 
aircraft in flight or take-off, and atomic 
installations. 


REFERENCE: 


“Stress Analysis with a Photoelastic Coat- 
ing,” by Felix Zandman, director of 
basic research, Instruments Div, Budd Co, 
Phoenixville, Penna. Published in Metal 
Progress, Nov ’60, pp 111-115. 
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With the increasing importance of missile and rocket-propulsion 


work in the design-engineering field, it is becoming 


necessary that we .. . 


- - - DON’T CONFUSE MASS WITH WEIGHT 


A E SCHULER 

Instrument Development Section, Test Div 
NASA Marshall Space Flight Center 
Huntsville, Ala 


Gravity varies up to 0.55% over the 
earth, thus changing the weight of a 
body accordingly, but mass of that 
body remains the same. In most fields 
of engineering the difference in gravity 
is negligible and, as a result, it has 
been common practice to use terms 
and quantities of mass and weight 
interchangeably. Unfortunately this 
practice, now a force of habit, has 
crept into the missile and rocket-pro- 
pulsion fields too. Masses are being 
called weights, and sometimes mass 
data—which already has been obtained 
correctly from measurements—are con- 
vetted back into weight units in an 
effort to correct for a different accel- 
eration of gravity. With the wide- 
spread confusion and inconsistency ap- 
parent in the use of terms and units 
of mass, weight force, pressure, and 
acceleration, there is a definite need 
for the adoption of a standard pro- 
cedure for their use. 


Systems of units 


The absolute and the gravitational 
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Until space flight came into prominence, variations in 
gravity at different locations were considered negligible. 
Mass, an independent quantity, and weight, a function of 
gravity, often were used interchangeably. In the present 
age of extreme accuracies and fantastic requirements, such 


neglect no longer is permissible. 


To help clear up the cur- 


rent confusion, here is a standard system of units for mass, 
weight, force, pressure, and acceleration. 


systems use 1 meter/sec* or 1 ft/sec? 


as the unit of acceleration; the units of 
mass and force are such that 1 force 
unit = 1 mass unit x | acceleration 
unit. ‘Therefore, the weight of a body 
is numerically about 9.8 or 32.2 times 
its mass, depending on the units of 
measurement. There are some mixed 
systems of units in use, employing the 
mass unit in kilograms (kg) or pounds 
mass (Ibm) from the absolute system 
and the force unit in kiloponds (kp) 
or pounds force (Ibf) from the gravi- 
tational system. In these systems the 
numerical values of mass and weight 
are equal at standard acceleration of 
gravity (g.). This is very desirable; 
however, the current mixed systems 
still use 1 m/sec*? or 1 ft/sec® as the 
unit of acceleration, which results in 
various confusing or incorrect forms 
of Newton’s equation. When kilo- 
grams and kiloponds are used as units 
of mass and weight, the proper unit 
of gravity is calculated by: 


Lkp _ 9.80665 kg m, sec? 


oF Fi f= 


= 9.80665 m/sec? = 1 9, 
These or analogous English units are 
used in this standard 
Table I). 

The units in Table 1 are derived 
from the basic units of mass, length, 
and time. The kilogram is the inter- 
national standard of mass as repre- 
sented by the platinum-iridium cy)- 
inder at Sevres, France. The kilo- 
pond, defined as the weight of 1 kg 
mass at standard acceleration of grav- 
ity, is the new international unit of 
force. One kilopond is equivalent to 
980,665 dynes. The unit of accelera- 
tion is one standard acceleration of 
gravity, accepted by international 
agreement as g, = 9.806,65 m/sec’. 
It prevails at about 45° latitude, sea 
level. 

The following symbols are used for 
various accelerations of gravity: 


procedure 


g. = standard acceleration of gravity in 
metric or English units 

Yen = standerd acceleration of gravity in 
metric units 


continued, next page 
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TABLE I. 


Metric and English units on which the standard procedure is based. 





Property 


Metric Units 





Mass 


Force 


Acceleration 





Kilogram 
Kilopond 


Standard Gravity 
(9.80665 m/sec”) 





English Units 





Pound Mass 
Pound Force 


Standard Gravity 
(32.17398 ft/sec?} 








TABLE Il. 


for various locations. 





The adopted international standard and the calculated accelerations of gravity are listed 


The third column indicates per cent deviation from the standard. 





. Chrysler Plant, Detroit 
. Redstone Arsenal 
. Patrick Air Force Base 


. Equator 
. Pole 


@ONOWLAWH — 





. International Standard (about 45° latitude, sea level) 
. Bureau of Standards, Washington 


. Rocketdyne, Santa Susana 


Location 





ooowovovwvov so 














TABLE Ill. 


Units mostly used in the gravitational or technical system for aeroballistic and other calculations. 





Property 


Force 
Mass 





Accelerat'on 


Metric Units 


Kilopond (kp) 
kp m~! sec* 
m/sec” 


English Units 


Pound Force (Ibf) 
ibf ft~' sec? 
ft/sec? 








TABLE IV. 
same in both tables. 


9.80665 m sec® or g., 


Factors for converting the units of mass shown in TABLES | and Ill. 


The units of force are the 


The units of acceleration differ by the standard acceleration of gravity g... = 


= 32.17398 ft/sec’. 





kg 


kp m~' sec” 





1 

9.80665 
0.453592 
14. 59388 





0.1019716 
1 


0.0462536 
1. 488162 








Ibm 


2.204622 
21.61996 


1 
32.17398 


ibf ft ' sec? 
(slug) 


0.0685219 
© .671970 
0.03108102 
1 











= standard acceleration of gravity in 
English units 
= local acceleration of gravity 


@- = acceleration of gravity at the loca- 


tion where the instrument was cali- 
brated with calibration masses 


Using these standard metric and 
English units, Newton’s equation can 


be written as: 


m (kg) X @ (Gem) 


F (kp) = 


F (ibf) = m (Ibm) X a (Gee). 


A given body has the same numeri- 
cal value of mass and weight at a lo 
cation having standard acceleration of 
gravity, when these units are used. 
Seeing that acceleration is being ex- 
pressed in g form quite frequently al- 
ready, the standard units will be very 
practical in most cases. 


Mass is a quantity of matter or a 


measure of the inertia of a body. The 
unit of mass is the kilogram or pound 
mass where 1 kg = 2.204622 Ibm. 
Mass standards are available at the 
National Bureau of Standards (NBS) 
in Washington, DC. Secondary 
standards, or so-called “dead weights,” 
which have been calibrated by com- 
parison with a primary standard, are 
available from numerous sources. At 
different locations, the dead weights 
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have the same mass, but different 
weights; therefore, the term “dead 
weight” itself is misleading. More cor- 
rectly, the standards could be called 
“dead masses.” 

In the missiles field such factors 
as fuel weight, liftoff weight, etc., vary 
with location. They are actually masses 
and must be treated as such. Although 
NBS uses the word “weight” for the 
piece of metal representing a standard 
of mass, it is being used only as the 
name of a body used in the process of 
weighing. Force of habit will uphold 
the word “weight” in that sense for 
some time, especially when the masses 
are determined by weighing. 

Most weighing systems are cali- 
brated by calibration masses and the 
results are in units of mass, provided 
the calibration is made at the same 
location. No correction, therefore, 
need be applied to these results. If 
load cells or proving rings have been 
calibrated at another location having 
gravity g., the mass measurements 
made with such instruments, at the 
local gravity g., must be corrected by 
the factor g./g:. For example, instru- 
ments calibrated at NBS are compared 
with standards of masses at an acceler- 
ation of 9.8008 m/sec*. At Redstone 
Arsenal, the acceleration of gravity is 
9.7964 m/sec® and, as a result, more 
mass is required to produce the same 
weight-force obtained for a certain 
mass in Washington, DC. 

When the mass of liquid oxygen 
(lox) or fuel filling is determined 
with differential-pressure gages that 
have been calibrated at the same loca- 
tion by liquid columns or pressure bal- 
ances, using calibration masses, the 
result is in units of mass. It is im- 
portant that these data not be multi- 
plied by g./g. to obtain correct pres- 
sure units. The Ap values for filling 
control or density measurements are 
not in units of pressure, but they are 
measures of mass. The units must be 
called psi(m), inches of Hg(m), etc. 
to differentiate them from standard 
pressure units. 

If the mass of lox, fuel, or other 
liquids is determined by weighing, a 
correction must be made for the buoy- 
ancy of air. The buoyancy effect on 
a body x equals the mass (m,) times 
the specific gravity of air (y. 
0.0012) divided by the specific gravity 
of the body (y.). The weighing sys- 
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tems are calibrated with masses having 
a specific gravity between 6.8 and 8.4. 
The buoyancy effect is about: 


“oe X mz = 0.00015% XK mz 
= 0.015% 


The results from the weighing systems 
have a buoyancy error of 


(Cm E: om? ) x 100% 
Yz 8 


This is about 0.11% for water, 0.14% 
for hydrocarbon fuels, and 0.10% for 
lox. These average figures for buoy- 
ancy corrections are accurate enough 
for the different densities of the re- 
spective liquids. 

Liquid hydrogen, however, has a 
larger variation in density, and its 
buoyancy effect may vary from 1.5% 
to 4%. The buoyancy, as a result, 
must be calculated for each particular 
specific gravity of liquid hydrogen. 

Similar requirements pertain to the 
buoyancy correction when weighing 
complete missiles; the empty “Jupiter” 
missile has a specific gravity of about 
4.0 and its buoyancy effect is only 
0.015%. When the missile is fueled 
and the pressurized compartments are 
closed, however, its specific gravity is 
about 0.8 and its buoyancy effect is 
0.13%. This correction must be ap- 
plied when the liftoff mass is decter- 
mined by weighing. In turn, the 
buoyancy force of 158 Ib must be 
added to the thrust at liftoff, and de- 
creasing buoyant forces must be added 
with decreasing air densities during 
flight. 


Force and flight 


Force is the cause of deformations 
or the change in motion of a body; 
the weight of a bodv is the force with 
which the earth pulls that body to- 
ward its center. The unit of weight 
and force is 1 kilopond or | pound 
force. This is the weight of a unit 
mass under the standard acceleration 
of gravity. 

\t other accelerations of gravity g,, 
a mass m has a weight of m x g,/g.. 
When load cells, proving rings, and 
other force-measuring devices are be- 
ing calibrated, therefore, the calibra- 
tion masses must be multiplied by 
g./g, or corrected by Ag%. 

At present, the NBS calibrations of 
load cells and proving rings give the 
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number of pounds mass and the out- 
put caused by the weights of these 
masses at local acceleration of gravity. 
Because g, at Washington, DC is 
9.8008 m/sec*, the NBS data must be 
corrected by the factor 9.8008/9.80665 
= 0.994 or —0.06% (Table II), 
when NBS-calibrated instruments are 
used for force measurements or as 
standards for calibration of other force- 
measuring devices. After this correc- 
tion, the instruments measure true 
force at any location. 


Pressure 


Pressure is a force per unit area. Its 
basic unit of measurement is | kp/ 
cm’ or | Ibf/in* (psi). 

All the basic standards for calibra- 
tion of pressure gages, including dead- 
weight testers, dead-weight pressure 
balances, and manometers with liquid 
columns, use certain quantities of mass 
to provide pressure, or force per unit 
area. In view of this, the calibration 
values must be corrected by g,/g,. or 
4g%. Calibration curves must present 
corrected values and details indicating 
how they were obtained. NBS applies 
this correction when it calibrates pres- 
sure gages, yet it does not correct to 
true force values when calibrating load 
cells and proving rings. 


Acceleration of gravity 


Table II lists the accelerations of 
gravity for different “missile locations’’ 
and the deviations of these valucs from 
the international standard. 

As noted previously, the na 
tional standard acceleration is a value 
adopted by agreement. The other 
values are measured or calculated. 

This table can be used, for example, 
in ascertaining the percent correction 
necessary when employing an NBS- 
calibrated load cell at the Redstone 
Arsenal. The mass measurements ob- 
tained with the NBS-calibrated (force- 
measuring) device must be corrected 
by g-/g. = 9.8008/9.7964 = 1.0004. 
By percent deviations given in the 
table, the correction is Ag, — Ag, = 
—0.06% — (—0.10%) = +0.04%. 


REFERENCE 

“Let’s Quit Confusing Mass with Weight,” 
\. E. Schuler, Instrument Development 
Section Test Division, NASA Marshall 
Space Flight Center, Huntsville, Ala. Pub- 
lished in ISA Journal, Oct 60, p 47 
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From: Company bulletin 


BEARINGS with split housings have shims 


between caps and bores to provide for ad- 
justment and compensate for wear. 


Thx importance of bearings and their 
function as an integral part of ma- 
chinery are well recognized. For this 
reason, babbitted and bronze bearing 
blocks (pillow and flanged) are found 
wherewer requirements call for de- 
pendable, efficient transmission of 
powcr. 

Babbitted and bronze sleeve-bear- 
quietly at all speeds. 
With periodic lubrication as dictated 
bv class of service, they can be used 
in dustv, 


ings operate 


abrasive atmospheres or 
Regular 
under these 
maintains the 
lubrication level in the bearing, but 
forces out and keeps out impurities 
from the ends of the bearing. 
Bronze bearings are ideal for in- 
stallations where there are 
bearing pressures, shock loads, high 
shaft speeds, and heat conditions up 
to +50 F. For applications involving 
heavy loads, side pressures and heavy 


subjected to water splash. 
lubricant application 
conditions not only 


heavy 
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BEARING BLOCKS ARE NEEDED 


These charts and tables will help select loading ranges and 


housing materials for babbitted and bronze bearing blocks. 


shocks, pillow blocks are available 
with cast steel housings. 

Babbitted and _ bronze 
blocks are available in a range of 
accommodate commercial 
shafting up to 12 in. dia. Larger 
sizes can be had for special - jobs 
Blocks and takeups can also be fur 
nished with a variety of other bear- 
ing materials for: temperatures ex 
ceeding 450 F; water splash, vapor 
or steam; submersion in caustic or 
acid solutions; extremely dusty or 
surroundings, and where 
there is infrequent lubrication. 

These bearing materials may be 
had in rolled, cast, or pressure-molded 
forms of sintered metals, synthetic 
resin impregnated cloth fabric or 
asbestos, graphite, carbon, rubber, 
etc, in their natural state or in any 
of their many combinations. They 
are available either as self-lubricating, 
or types using oil, grease or water for 
lubrication. 


bearing 


sizes to 


abrasive 


Select a bearing block by consider- 
ing four items: 

e Shaft diameter, 
and shaft rpm. 

e Operating temperatures. 

e@ Direction of radial load. 

e Type of service. 

Chart S determines speed class 1 
or 2. 

Chart L gives load class A or B. 

Bearing and housing material. 
Refer to the table: speed class 1 or 2, 
load class A or B, and operating tem- 
perature will determine whether to 
use babbitted or bronze bearings. If 
any one of these three indicate 
bronze, use a bronze bushed bearing. 
The type of service usually deter- 
mines whether to use cast iron or 
cast steel housings. 

When applying a_bearing-block 
unit always consider the following 
recommendations when applying 
plain, babbitted and bronze bearing 
blocks: 


bearing loads 
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Load Moterial ! Recommended 
class, Max operating temp, loading a in. 
Chort L F Bearing Housing range* 








° 


Grey iron, solid 300 











Babbitted Grey iron, split 














Grey iron, solid 








Grey iron, split 














Cast steel, split 























BEARING SELECTION for various speeds and loads Chart L ag Load class 
90,00 


*Babbitted bearings are generally used for light to moderate shock loads in 


such applications as belt conveyors, bucket elevators, blowers, ball mills, 

ooo pms bearings are generally for heavier services and heavy shock 70,00 Consult maker 
loads in applications such as foundry shakeouts, hammer mills, heavy oscil- obove this line 
lating conveyors. Cast steel housings are for sudden shock loads and heavy 50,00 
impact loads, or where greater housing strength is required. 

2Shaded portion of drawings represent recommended loading range with the 40 
grease groove horizontal and above the loaded area. For other positioning, 


30 


consult manufacturer. 


1. Provide adequate grease lubri- 

cation to permit a lubricating film to 

be maintained at all times. 
2. ‘The supporting structure should 

be adequate for maintaining bearing = 

prc " Chart S Speed class 
3. The shaft-journal surface finish 

should be equal to that of com- Consult maker 


mercial steel shafting. above this line 
4. Properly align bearings for uni- 
form distribution of the load. 
Bearing end-seals can be furnished 
to aid lubrication through increased 
retention of lubricant. They are rec- 
400 
ommended where severe dust con- 
ditions exist. 300 
Thrust loads can be handled by 240 500 
sleeve-type bearings, by fastening a 200 400 
sctscrew collar to the shaft at one 170 
end of the bearing. Always use a 140 
bronze thrust washer between the 120 
end of the bearing and the collar. 100 200 
REFERENCE: 80 
“Bearing Blocks and Takeups,” published 012345678 91011 12 ~~ 123456789 101112 
by Link-Belt Co, book 2707. Shaft dia, in Shaft dia, in. 


700 


Shaft speed, rpm 


300 
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From: Company handbook 


SELECTING and 


APPLYING CASTERS 


Basic arrangements, recommended wheels 
for various fiooring materials, and load 
ratings for heavy, medium, light and gen- 
eral-duty casters. 


Baack of basic information on just how to arrange casters 
ind how much load they can take invariably results in a 
product that is either over- or under-designed for the loads 
it will have to withstand. There is no general rule for 
properly selecting casters. Five main questions should 
be answered before selecting the caster for a specific need. 
lhe answers to these, coupled with the information given 
in the accompanying illustrations and tables, will ensure 
efhcient performance of castered products. Here are the 
questions with their check points: 


|. What is the weight of the load? What is maximum 
load to be carried? Will overloading occur? Will the load 
be dropped? Under any of these conditions, choose the 
caster with a capacity rating greater than the maximum 


load anticipated. 


2. What are the floor conditions? Are floors steel, wood 


or concrete? Is operating surface rough? Look for sharp 
sills, obstructions, elevators or other conditions that cause 
shocks. Where high impact is evident, steel forged con 
struction is recommended. If floors are smooth without 
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x) 


1G ©) 


Four swivel: For limited or confined areas where equipment 
must often move sideways up to machines and bins. Difficult 
to steer on long distances. 














eS 
IG 1D) 
S 


Two rigid and two swivel (diamond pattern): Especially ad- | 
aptable for maneuvering in confined areas. 














(=) ) 


S 1) 


Two rigid and two swivel: Easy steering for long distance or 
generally straight travel. 














f=) 
[eS] (S3] 
[SJ 


Four rigid on balanced center: Good for light loads, traveling 
long, straight distances. Economical. 


(J 














Three swivel casters, level type: Used on barrel dollies and 
small portable machines. Three-point floor contact. 





gg = A 








eB & B® 


Four swivel and two rigid: For heavy loads and for long 
trucks. Turns and handles ecsily. 





TYPICAL CASTER COMBINATIONS 
Several basic combinations of rigid and swivel casters are com- 
monly used in the design of moveable equipment. Relative impor- 
tance of maneuverability in close quarters against “*steerability”™’ 
in moving long distances should be considered. Below are a few 


samples of the methods used for mounting casters. 
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RECOMMENDED WHEELS FOR VARIOUS FLOOR MATERIALS 





Finished 
Wheel Linoleum Asphalt wood 


Mill Clay Littered 
Mastic Lumber tile Brick Concrete Armoured floors* 





Hi-grade cast iron with Ni & Cr added 
Forged steel 

“Durastan” (thermoset plastic) 

Solid rubber hard-tread 

Solid rubber soft-tread 

Metal-base industrial rubber . 
Molded-on rubber 

Pneumatic 


Semipneumatic 











* Littered with metal chips or exposed to strong chemicals 


LOAD RATINGS FOR CASTERS 


Type of Wheel and Size, in. 





a 





— 








| 








Caster type 


© 
2 
2 
> 
= 
2 
° 
” 


Solid rubber 


hord-tred 
hord-tred 
Solid rubber 
hard-tred 


lood 





General 175 |225 100 225 
duty 





| 





Solid rubber 
hard-tred 
Solid rubber 


hard-tred 
Cushion 
rubber 

Solid rubber 
hard-tred 
Stee! 

Plastic 


af 


ratings, Ib 


—EE 


2500 2500 1000 


560 1000 
to 
1400 


560 750 








200 400 {500 











sills or other obstructions, casters can be used of lighter 
construction than might otherwise be suitable. Either 
cold-formed or cold-forged construction is advisable. 

3. What are the operating conditions—oil, grease, water, 
acid, extreme heat or cold? Special types of grease arc 
available for bearings when the caster must operate in 
extreme heat or cold. Wheels recommended for use under 
these conditions are available. 

4. How much movement? How often? How far? How 
much maneuverability is required in swinging around 
corners and down aisles? When casters are to be used 
continuously, it is economical to have hardened steel parts 
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at the points of greatest wear to ensure easy swiveling and 
long life. These points are the raceways which house 
the swivel bearings. 

5. How much manpower push? Since manual force is 
the most expensive source of power, cut down push force 
by increasing size of the wheel and using roller bearings. 


REFERENCE: 
“Caster Selection Information,” published in Rapistan Casters 


and Wheels booklet, p +. Rapids-Standard Co Inc, Grand Rapids, 
Mich. 
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From: Mechanical World 


HOW LABELING MACHINES WORK 


Fingers, suction and glue-pads are some of the ways these machines 
perform high-speed sleight of hand with stacks of cut paper labels. 


J A CUCKSON 


There are two ways to put a label on a package. One way 
is to coat the package with glue so that it picks up the 
Adhesive belt label as flypaper does a fly. The other way is to coat the 


Belt label with glue and stick it on like a postage stamp. 











(O ) \ IV _ Flypaper feed 


ae Can-labeling machines label 600 to 750 cans per hour 
Con this way. Fig 1 shows how a belt rolls a can streaked with 
glue over the pile of labels. As it rolls, the can wraps 
itself in a label. The adhesive belt smears glue on the 
Pd end of the label to keep it from lifting up. 


Labeling boxes is more complex, because boxes won't 























roll. The machine in Fig 2 uses three stations for the job. 
A roller puts glue on a rubber pad, which transfers the glue 
to the package at station I. At station II, a cross-slide 
presses a stack of labels against the package. When the 
slide pulls back, it leaves a label behind. Another rubber 
pad at station III presses the label more firmly to the 
package. 
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Postage-stamp method 


Labels may, indeed, be like postage stamps—pregluc« ae ee 
so they only have to be moistened. Other labels have pres ao 
sure-sensitive adhesives, or thermoplastic backing that 
sticks when it is heated. 

However, the machine in Fig 3 puts wet glue on the 
label just before it goes on the package. A roller spreads 
glue on each face of the octagonal drum. When the glued 
face reaches the bottom, it picks a label off the pile that 
pops up to meet it. At the top of rotation, fingers snatch 
the label off the drum. 

One disadvantage of feeding labels off the top of the 
pile is the need for a mechanism like a counterweighted 
piston to keep the stack rising. A stack that deals from 
the bottom slides down by its owm weight. Another ad 
vantage of bottom feed is that an operator can replenish 
the pile without stopping the machine. 

Instead of a drum, some machines use a picker (Fig 4) yee 
The picker is a plate with a slot big enough for the pack mechdaism 
age to fit through. After picking a label, the picker lowers : 
down over the package and Jays on the label. 




















Suction pickup and transfer 





Suction heads can pick up labels dry. In Fig 5 th 
suction head pulls down one corner of the label, and th« 
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Rolling 
suction 





blade slides across and peels it off the bottom of the pile, 
at the same time pushing up the hopper. With suction 
holes in the bottom, the blade can carry away the label 
on the return stroke. 

Che cylinder in Fig 6 both inhales and exhales. Suction 
picks up the label and holds it for gluing. When the holes 
rotate to the other side of the center vane, air blows out 
of them to apply the label. 


Friction feed 


Between two sheets of smooth, dry paper there is less 
friction than between the paper and a rubber roller. 
Needles (Fig 8), which pierce the first five or six sheets on 
the bottom of the pile, ensure only one sheet leaves at a 
time. The rubber feed roller pushes the labels into the 
forwarding rollers. 

The machine in Fig 9 uses a combination of suction 
nozzle and friction. In sequence, the suction nozzle pulls 
down the end of the label, and then a moving roller moves 
in against a fixed rotating roller, which pushes the label 
on its way. 


Making labels stick 


The last step is to press on the label after it is in place 
to make sure it sticks. The machine in Fig 2 uses direct 
pressure at station III. Because each package must stop 
momentarily under the rubber pad, the machine can run 
only so fast. Moving the pad in a D-shape path and never 
stopping the package beats the speed limit that stop-start 
motion imposes. During the straight-line part of the cycle 
the pad follows the moving package and presses on the 
label. 

Direct-pressure pads can cover only 140° of a cylinder. 
Substitute methods are wiper fingers (Fig 4) or rollers ar- 
ranged to cradle the cylinder. 

Flat packages ride on belts under roller brushes, (Fig 
6) or, for higher pressures, between roller. 


Troubles 


Three things commonly cause labels to stick together 
in the magazine: (1) Edges locked together during cutting. 
(2) Embossing made by print. (3) Ink that dried after the 
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Separating 


needle 
Forwarding 


Rubber rollers 


roller 


Rotating 
roller 


labels were stacked. Bending, twisting or riffing will 
loosen the sheets. 

With needles, the grain of the paper must be in the 
direction of feed so that the tear is clean. 


REFERENCE: 
“Devices for Feeding Small Cut Sheets,” by J. A. Cuckson. 
Published in Mechanical World, Nov ‘60, pp 454-8. 
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RESIDUAL-STRESS 
CORRECTIONS 
FOR FATIGUE 


One method corrects fatigue stress limit for 
low residual stresses; another corrects for 
high residual stresses. 


JoDEAN MORROW, associate professor 
G M SINCLAIR, professor 
Theoretical and Applied Mechanics Univ of III 


Wren alternating stresses are near the fatigue limit, they 
change low residual stresses only slightly. Here, vou can 
therefore follow this procedure to find fatigue limit: (1) 
Superimpose initial surface residual stresses on service 
stresses; (2) assume that residual stresses remain unchanged 
during fatigue loading; (3) treat the problem like any other 
in which the mean stress is not zero. 

But when residual stresses are high, they may cause the 
fatigue testing stress to go above the vield strength of the 
material. Cases where loading exceeds yield strength re- 
quire different treatment than simple superposition. 

The first step is to find out what happens during the 
first cycle. The curves above show that because of yielding, 
there is a new residual stress and a new mean stress after 
the first cycle. Calculations are shown on graph. 

The second step is to assume that the new residual stress 
remains the same for succeeding cycles, and proceed as for 
small residual stresses. 

This technique, works best for metals that have a flat- 
top stress-strain curve, and unload along a line parallel to 
the elastic modulus line. 

Initial residual stresses have very little effect on fatigue 
life, when alternating stresses are sufficiently high, because 
after the first few cycles the material experiences completely 
reversed stressing. Use a stress cycle curve with a zero mean 
stress to estimate life in this case. 


REFERENCE: 

“Designing with Residual Stresses,” by G. M. Sinclair, Pro- 
fessor of Theoretical and Applied Mechanics, and JoDean 
Morrow, Associate Professor of ‘Theoretical and Applied 


Mechanics, University of Illinois. Published in Engineering Mate- 
tials and Design, Aug 60, p 472. 
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FIRST CYCLE starts at residual stress A and ends 
with new residual stress B. Symbols: cy, yield stress; 
o1, new mean stress; ge, elastic limit; es, amplitude 
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KINEMATICS OF TWO 
HOOKE’S JOINTS 


The kinematic behavior of a single 
Hooke’s joint, based on a plane trigo- 
nometric analysis, can be found in 
nearly any kinematics textbook. How- 
ever, the behavior of two joints is not 
generally considered. Inclusion of this 
latter topic is generally limited to a 
qualitative discussion of the orienta- 
tion of two joints which is required 
to produce a constant angular velocity 
ratio of unity with few attempts being 
made to prove that such a ratio is 
truly achieved, or, that this orientation 
is the only one which will provide 
such a ratio. Those proofs which 
have been found as a result of a liter- 
ature survey on the subject have as- 
sumed the conditions necessary for 
this constant angular velocity ratio 
and then proven that such conditions 
do satisfy the requirement. Nowhere 
has the author been able to find an 
analysis which proves the necessary 
without first 
Hence, the author assumes no 
restricting conditions and arrives at 
these necessary conditions by a gen- 
there- 


conditions 
them 


assuming 


The analysis is, 
fore, a general approach to a system 
of two Hooke’s joints, using spherical 

rather than the more 
plane-trigonometric —_ap- 


eral analvsis. 


trigonometry 
common 
proach. 


“Kinematics of a General Arrangement of Two 
Hooke’s Joints, by R. E. Philipp, Department 
of Ordnance, United States Military Academy, 
West Point, NY. American Society of Mechani- 
cal Engineers, 29 West 39th St, New York 18, 
NY. Paper No. 60-WA-37. 


* 


Whirling shafts 


Experience has taught that most 
shaft whirls are forward; ie, the shaft 
center moves in the same direction as 
the shaft rotation. For instance, me- 
chanical unbalance causes a_ closed- 
loop motion of the shaft center in a 
forward direction as does oil whip, 
friction, shrink-fit friction, 
and many other disturbing phenom- 
ena. Occurrences of backward shaft 
whirl are less common; a journal roll- 
ing around in a dry bearing consti- 


internal 
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tutes the most familiar example. Back- 
ward whirl associated with gyroscopic 
effects has been observed. 

Using elementary apparatus and in- 
strumentation, shaft whirling has been 
investigated for three cases involving 
round or flattened shafts in combina- 
tion with uniform or asymmetric stiff- 
ness bearing supports. The type of 
whirl observed varies with the com- 
bination of asymmetrics used. Single 
and double-frequency whirls have 
been noted, both forward and_back- 
ward with respect to shaft rota- 
tion. Studies of the phase-angle 
changes required by the running con- 
ditions have indicated the reasons for 
whirl direction and frequency. 

“Shaft Whirling as tnfluenced by Stiffness 
Asymmetry,” by E. H. Hull, Research Labora- 
tory, General Electric Company, Schenectady, 
NY. The Society of Mechanical Engineers, 29 


West 39th Street, New York 18, NY. Paper 
No. 60-WA-252. 


Frictional resistance of bearings 


This study was made to determine 
the effect of the percentage of base 
in various oils under operating condi- 
tions in a radially-loaded sleeve bearing. 
The principal variable studied was the 
frictional resistance or torque as it was 
related to the grease composition at 
various speeds and radial loads. Re- 
sults of the investigation indicated 
that the behavior of the lithium 
greases studied were generally similar 
to that of a Bingham plastic. It was 
also found that the friction torque in 
a grease-lubricated sleeve bearing could 
be expressed by a relatively simple 
equation involving the load and speed. 
“Frictional Resistance of a Radially-Loaded 
Journal Bearing with Grease Lubrication,” 
R K Chakrabarti, R J Harker, University 


of Wisconsin, Lubrication Engineering, June 
1960, ASLE, 5 No. Wabash Ave, Chicago 2. 


* 


Flat-back bearings 


For railroad car application, the flat- 
back journal bearing is presented as 
an improvement over the presently 
used steeple back bearing design. The 


performance of the bearing assembly 
is improved using the latest design 
of flat back bearing as it, (a) restricts 
relative motion between the journal 
and the journal box, keeping the jour- 
nal seal surface in contact with the 
sealing member, and, (b) increases 
resistance to bearing assembly upset 
due to impact and braking loads. This 
is accomplished by the flat top of the 
bearing, the decreased clearance be- 
tween the bearing and the journal box, 
and the longer arc of bearing contact 
on the journal. 

“Operating Characteristics of Positive Control 
Flat Back Bearings for Railway Cars,” by John 
Zupez, Assistant Chief Engineer, American 
Brake Shoe Co, St. Louis, Mo. Lubrication 
Engineering, The American Society of Lubrica- 
tion Engineers, 5 North Wabash Avenue, Chi- 
cago 2, Ill, Volume 17, No. 2, February, 1961 


* 


Leaf spring design 

The continued wide use of the 
leaf spring in modern vehicle suspen- 
sion has encouraged a further exami- 
nation of the conventional analytical 
basis on which springs are usually de- 
signed. The manufacturer has a dis- 
tinct advantage in having the oppor- 
tunity to compare the deflection 
properties of spring assemblies of great 
variety. Although these are simple 
and generally trouble-free, closer scru- 
tiny during the application of load 
can indicate characteristics developing 
which would not be interpreted as 
desirable or intentional. 

These are some general characteris- 
tics that occur in the course of man- 
facture; they are not necessarily pe- 
culiar to any one type of spring, al- 
though this is sometimes found to 
be the case. 

A quite common requirement of 
springs in the laden state is that the 
shape, as generally following the pat- 
tern of the main leaf, shall be straight 
and not wavy, and with all supporting 
leaves bedding together throughout 
their length. The foregoing points 
indicate types of natural tendency de- 
veloped under application of load, 
which can make the meeting of such 
requirements a difficult proposition. 

But it is also obvious that such un- 
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evenness of individual and general 
assembled shape indicates regions of 
stress it must be acknowledged that 
such springs have the capacity to give 
satisfactory service. It would seem 
reasonable to consider designing nearer 
to these higher stress levels, provided 
that the stresses calculated could be 
uniformly achieved in practice. Such 
designing has the attraction of utilizing 
a lower material content, allied to an 
expected reduction in cost. 

It is, of course, not possible to pro- 
duce an actual leaf spring with an 
efficiency of 100 per cent, due to var- 
ious necessary inactive regions (for 
instance, at the eyes and at regions 
such as the leaf tips which are in- 
evitably stressed to less than design 
level). However, it is possible to 
design a spring in such a manner that 
a very large part of it is stressed uni- 
formly to the design figure, and it is 
just the deflect of the general meth- 
ods of traditional design that this 
objective is not achieved with any cer- 
tainty. 

“A Further Look at Leaf Spring Design,” 
W P Yaneske, Toledo Woodhead Springs Ltd, 
Engineering Materials and Design, August 


1960, Heywood & Co Ltd, Drury House, Russell 
Street, London. 


Externally pressurized bearings 
The load capacity and vibration 
characteristics of externally pressurized 
thrust and journal bearings have been 
investigated. The bearings used ori- 
fices sufficiently recessed back from 
the bearing surface to ensure that 
the area of the orifice is the mini- 
mum presented to the gas flow. The 
journal bearings consist of plain cyl- 
inders with one or two rows of eight 
orifices, and the thrust plates of plain 
discs with six orifices drilled in equi- 
spaced circumferential grooves. 

The load capacity of the thrust 
plates agrees with that calculated but 
the vibrations are greater than pre- 
dicted. The load capacity of journal 
bearings is about half that calculated 
assuming axial flow conditions in the 
bearing, but circumferential flow can 
account for the difference. Svnchro- 
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nous and half-speed vibrations of a 
shaft rotating within these bearings 
have been measured and found to 
agree with those calculated on the 
assumption that the gas films behave 
as linear springs. 

“The Performance of Externally Pressurized 
Bearings Using Simple Orifice Restrictors,” D S 


Allen, P J Stokes, S Whitley, ASLE paper 
60LC-17, ASLE, 5 N Wabash Ave, Chicago 2. 


* 


Bending stresses in 
non-principal planes 


It is often useful to have available 
an alternative method of evaluating 
stresses. The following method of 
calculating the bending stresses in 
beams of angle section is offered as 
a variant on the more usual methods; 
it is very much quicker and clearer 
with a small sacrifice of accuracy. 

As most of the standard angle sec- 
tions are thin-walled, they can be 
represented by the centre-lines of their 
legs without serious loss of accuracy. 
The bending stress will vary linearly 
with distance in any particular direc- 
tion so that the stress distribution can 
be sketched in terms of three un- 
knowns—the stress at each of the cor- 
ners. The three unknown stresses are 
evaluated from the three equations of 
static equilibrium. 

“Bending Stresses In Non-Principal Planes.” A 
Ormerod, Engineering Materials and Design, 


Aug 1960, Heywood & Co Ltd, Drury House, 
Russell Street, London. 


_ 


Rolling-contact fatigue 


The determination of rolling-con- 
tact fatigue life of a particular bearing 
steels is an expensive undertaking be- 
cause the very high scatter in fatigue 
lives makes it necessary to test a large 
number of specimens. The cost is 
high both in money and time. There- 
fore, a reliable means of predicting 
relative fatigue life without actually 
testing large numbers of specimens 
would be a valuable achievement. For 
this reason, much effort is being spent 
on relating various material properties 


to the fatigue life of bearing elements. 
Any correlation between an easily 
measured property of bearing mate- 
rials and rolling-contact fatigue life 
would be very helpful in screening 
potential bearing materials. It would 
be logical to determine whether a 
correlation exists between fatigue life 
and such easily measured properties 
as elastic limit, yield strength, ulti- 
mate strength, and resistance to im- 
pression or hardness. Resistance to 
plastic deformation, measured with 
ball specimens in rolling contact, did 
correlate with fatigue life. 

“Relation Between Roliing-Contact Fatigue Life 
And Mechanical Properties For Several Aircraft 
Bearing Steels,” E V Zaretsky, W J Anderson, 
ASTM paper, ASTM, 1916 Race St, Phila- 
delphia 3. 


Efficiency of 
anti-friction bearings 


A new method is described for in- 
creasing the load capacity and/or the 
service life of bearings without increas- 
ing their size or weight. The new 
method consists of changing the curva- 
ture surface in the loaded region. The 
curvature is so modified that the load 
is transmitted in a desired manner 
through all the rolling bodies situated 
in the zone of loading. The method 
is applicable only in bearings with a 
preferred direction of load (or where 
the angular range of the change of 
load direction does not exceed 90°). 
“Increasing the Efficiency of Anti-friction Bear- 
ings and Reducing Specific Metal Consump- 
tion” Kovalevskiy, A M. Translation of Vetsnik 
Mashinostroyeniya (USSR) 1958 Vol 38, No 8, 
p 3-9. Available from Photoduplication Service, 
Publication Board Project, Library of Congress, 
Washington 25, DC or SLA Translations Center, 
The John Crerar Library, 86 East Randolph St, 
Chicago 1. mi $2.40, ph $3.30 60-23797. 


* 


Magnetic journal bearing 


The supporting of a rotating shaft 
in such a way that no material contact 
is made with the shaft can be of im- 
portance for technical applications. 
Cases in point are where the friction 
or wear must be particularly small, 


continued on page 296 
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need these advantages? 


FRICTION REDUCTION 
SMALL SIZE 

LONG LIFE 

CORROSION RESISTANCE 
DRY OPERATION 
NON-MAGNETIC MATERIAL 
REDUCED COST 


+ 
YOU CAN HAVE THEM ALL WITH... Id iain BEARINGS 


Designing moving parts for instrumentation, or miniaturized mechanical components? They'll move more easily, 
more accurately if they move on Bird Jewel Bearings. The inherent advantages of Bird Jewel Bearings . . . operation 
without lubrication through great temperature extremes. . . resistance to corrosive fumes and liquids . . . adaptability 
to many mounting arrangements . . . make them uniquely suited for the most advanced design concepts. And, 
compared to other types of bearings, Bird Jewels are substantially more economical with a plus dividend of long-life 
reliability that eliminates maintenance problems. 


BIRD COMPLETE JEWEL ASSEMBLIES e Special mounting techniques, under stringent quality control, provide as- 
semblies to exact tolerances, in screws or bushings of any style, ready for assembly in your product. Complete assem- 
blies save time and money, cut rejects, keep production flowing smoothly. 


BIRD CUSHION JEWEL ASSEMBLIES e Add shock protection to any instrument for only pennies. Variable cushioning 
of silicone rubber or spring to suit different operating conditions controls movement, eliminates waste due *o poor 
bearing adjustment in mounting. 


PRE-DESIGN WITH OUR ENGINEERING STAFF e Before design drawings are made, why not discuss your bearing 
problems with our staff? A simple sketch incorporating pertinent specifications will enable our staff to recommend 
the proper glass or sapphire jewel bearing to meet your needs — whether a ‘“‘stock”’ size or custom assembly. Prompt 
quotations and delivery data will be yours — without obligation of course. 


New Catalog Available containing a complete description 
of properties and uses of jewel bearings — Write for your 
copy today. 


e 
RICHARD H. Kod CO., INC., 1 SPRUCE STREET, WALTHAM 54, MASS. seria industry with fine jewels since 1913 
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NEW 


Instrument Bearings 


from NEW HAMPSHIRE 

Let You Beef Up The Shaft 
Without Increasing 
Bearing O.D. 2 





Here are four new opportunities to design 
shaft-to-housing relationships not possible 
with other bearings. As shown in the sketches, 
thinner bearing cross sections permit extra- 
large Bore-to-O. D. ratios. 





This new series is manufactured to ABEC-5 
precision standards or better, of stainless 440C 
steel, with plastic crown retainers which ab- 
sorb lubrication. 








OUTSIDE 
LAND 
DIAMETER 
+ 9000 DIAMETERS c 
— 0002 RADIUS | INNER | OUTER) NO. RATING 
.6250 ‘ 010 AST 542 81 # 


7500 |. 010 | 587 | .672 95 7500 


.8750 ° | .010 J12 4197 98 
1.0000 : .010 837 922 108 






























































Write for full information or call in your New Hampshire Sales Engineer for application assistance. 


NEW 
HAMPSHIRE / BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 
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| SPECIAL O-KNI-CO WAYS INSURE PRE- 


CISION OPERATION. Noted for the abso- 
lute precision built into their machine tools, 
The DeVlieg Machine Company, Detroit, is 
a consistent user of O-K NI-CO hardened ways 
made by The Ohio Knife Company. This De- 
Vlieg Spiramatic Jigmil features O-KNI-CO 
hardened vee ways as original equipment. 
These ways contribute to greater machine 
accuracy because they are virtually wear proof. 


4 Hardness (Rockwell C 65-66) to a depth of 


%.6” or as required gives the best wearing sur- 
face obtainable. Precision grinding to + 
.0002” or less further insures precision opera- 
tion. O-KNI-CO hardened ways are available 


a in stock or are specially made to suit indi- 


Ohio Knife Co. Hardened Vee Ways Orig- 
inal Equipment on this DeVlieg Jigmil. 


vidual requirements. For more information 
write The Ohio Knife Company, Cincinnati 23, 
Ohio. Dept. B. 











THE OHIO KNIFE CO. CAN MAKE 


oo rt 


| 


"| 
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BETTER — our time proven proc- 
ess of bonding special analysis 
tool steel to tough machineable 
steel, then hardening the tool steel 
(65-66 Rockwell C) along entire 
length, enables us to give you 
hardened surfaces anywhere you 
want them. 


FASTER — we make hundreds of 
these special shapes for every 
conceivable application—our new 
production methods are geared to 
meet fast delivery requirements. 


LOWER-IN-PRICE —no one is as 


completely set-up — design, engi- 
neering, heat treating and produc- 
tion—to deliver these special ways 
to you at a price far below what 
it would cost you to make them 
yourself. 


IMPORTANT — we carry in hardened 
stock 12 standard way shapes in 88 sizes, 
with delivery from stock to 5 weeks. 


For FREE Bulletin-A, describing O-KNI-CO hard- 
ened ways, wear plates, etc., write Dept. 122-B 


THE OHIO KNIFE Co. 


CINCINNATI 23, OHIO 


DESIGN ABSTRACTS 


continued 


where contamination by lubricants is 
inadmissible or where the lubricating 
oil would decompose under the influ- 
ence of radiation (in a nuclear reactor, 
for example). The article considers the 
theory of a shaft held in suspension 
by magnetic fields, and compares the 
theory with the results of measure- 
ments made on “magnetic bearings” 
of various dimensions. 

“A Magnetic Journal Bearing,” by F T Backers. 


Philips Technical Review, No 7 Vol. 22, 1960/ 
61, p 232. 


Designing buckling-column 
springs 

When an initially straight and flat 
piece of steel is subjected to a com- 
pressive end load between freely piv- 
oted supports, interesting load-deflec- 
tion characteristics develop after the 
critical load is reached. It is common 
knowledge that the columns are never 
used as structural members in the post- 
buckling range. However, they may 
be employed in the form of spring- 
like members in various types of ma- 
chinery, such as the idler pulley as- 
sembly in a belt-tightening device, 
brush holders in electrical motors, and 
other retaining mechanisms where rel- 
atively low-rate springs are preferred. 
“Design of Buckling-column Springs with Uni- 
form Rectangular Cross-section,” The Main- 


spring, Associated Spring Corporation, Bristol, 
Conn, Spring No. 18, April-May 1960. 


+ 


Developments in cam design 

This paper presents an analytic 
method for internal combustion en- 
gine cam designed wherein recent and 
successful design procedures for con- 
sidering the elastic deflections in the 
valve train are extended to inciude 
the problems of maximizing the engine 
breathing efficiency with also an eval- 
uation and control over the cam face 
surface bearing stress. The arth- 
metic task, which by desk calculator 
methods would be prohibitively great, 
is given with electronic computer 
programming. 

With wholly analytic methods based 
upon computer techniques, it is 
necessary that the cam design problem 
be described in technical terms. In 
this paper, the problem is described 


continued on page 300 
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This chart represents 
relative life, in 
hours, of various 
types of bearings 
in comparable se- 
ries and size based 
on uniform speed 
and load. 











types are available with snap rings, shields, seals 
or shield and seal combinations. 


Outstanding Hoover Quality . . . Micro-Velvet 


Hoover’s exceptionally wide range of bearing 
types provides performance characteristics needed 
for practically any application . . . from high speed 


intermittent duty to prolonged life under heavy, 


constant load conditions. 


Sizes range from tiny *% 


” outside diameter R 


Series to giant 36” spherical roller bearings. Most 


hoOouwe4r 


BALL AND BEARING COMPANY 


5400 South State Road, Ann Arbor, Michigan 
Zone Sales 8581 South Chicago Ave., Chicago 17, Illinois 
Offices and | 290 Lodi Street, Hackensack, New Jersey 
Warehouses | 2020 South Figueroa, Los Angeles 7, California 
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balls and Hoover Honed raceways in ball bearings, 
Super Finish raceways and rollers in roller bear- 
ings, plus other exclusive features . . . assure supe- 
rior performance. For information contact your 
Hoover bearing specialist or mail the coupon to us. 


Micro-Velvet, Hoover Honed and “Super Max” are Hoover Trademarks 
<r 


Hoover Ball and Bearing 
5400 South State Road, Ann 
Please send information on the following Hoover bearings: 


eee 0 “Super Mex" C Devtle Row () 


, Michigan PE-? 


Representative Call 1) 


: 


CIRCLE 297 ON READER SERVICE CARD 


eee eee 


297 





MECHANICAL PARTS AND DESIGN ANALYSIS 


TORRINGTO 























WHATEVER THE DUTY...TORRINGTON HAS A BEARING FOR IT 


Take these two bearings: 

The unique Torrington Drawn Cup Roller Bearing opens 
new design possibilities in alternators, power-tool motors, 
electric mixers, vacuum cleaners and a host of similar prod- 
ucts. It is so light, compact and efficient that designers have 
more flexibility than ever before. Yet the Drawn Cup Roller 
Bearing costs less than any other anti-friction bearing of 
comparable performance. In many cases, armature bearing 
costs have been reduced as much as 50%. 


The Torrington Heavy Duty Roller Bearing is ready when 
the going is tougher. Controlled Contour rollers insure uni- 


progress through precision 


THE TORRINGTON COMPANY 
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form loading and prevent stress concentration at the roller 
ends. A patented flange-riding retainer insures positive 
roller guidance and provides ample lubricant storage area. 
Torrington Heavy Duty Roller Bearings have proved highly 
successful in two-cycle engines, hydraulic pumps, oil-fie!d 
equipment and transmission systems. 


These are just two examples of Torrington’s outstanding 
capability in bearing design and manufacture. Remember 
that Torrington makes every basic type of anti-friction 
bearing...can supply the bearing that’s exactly right for 
your application. Don’t hesitate to call us for advice. 


TORRINGTON BEARINGS 
Torrington, Connecticut *« South Bend 21, Indiana 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 








MECHANICAL PARTS AND DESIGN ANALYSIS | = | 


offers 1066 


standard sizes of 
self-lubricating bronze bearings 


from STOCK* 


SLEEVE BEARINGS 


833 STOCK SIZES: IDs from %” to 


4”; ODs up to 4%”; lengths up to 6”. 


BEARING STOCK LIST 


Includes 1066 standard sizes of 
OILITE Bronze self-lubricating 
bearings. Also all standard sizes 
of OILITE Bronze solid and cored 
bar stock, plates, discs and 
strips; Super-Oilite solid and 
cored bar stock. All available 
from stock. Send for your copy. 


Also non-standard bearing sizes 
produced from any one of 25,000 
available Amplex dies. Amplex 
engineering help on special bearing 
problems is as near as your phone. 


THRUST BEARINGS 


73 STOCK SIZES: IDs from %” to 
2%" ; ODs up to 3%”; up to 4” thick. 


FLANGE BEARINGS 


160 STOCK SIZES: IDs from %” to 
3”; ODs up to 3%"; lengths up to 2%”. 


P hus BRONZE BEARING MATERIAL 


for new designs, prototypes. emergency repairs 


SOLID BAR STOCK 
6%” Lengths: 4%” up to 12%” Diameter 


CORED BAR STOCK 
6%” Lengths: 4” ID x 1” OD; up to 7%” 
ID x 10%” OD 


PLATE STOCK 
¥," wide x 24%” long; up to 12” wide x 24” 
long. Thickness 4%” to 1” 


CIRCULAR PLATES (DISCS) 
1” ID x 3” OD; up to 4” 1D x 6” OD. Solid 
up to 18” Dia. Thickness 4%" to 4%” 


STRIP STOCK 
6” wide x 36” long; 42” or 46” thick 


DIVISION CHRYSLER CORP. 
DETROIT 31, MICHIGAN 
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DESIGN ABSTRACTS .......... continued 


starting from the desired valve mo- 
tions, taking account of the elasticity 


and bearing stress limitations in the 

valve train in such a way as to allow 

CW OW ost writing boundary conditions for an 
optimum cam design solution. 


“Recent Developments in Cam Design,” by 


J. H. Nourse, R. C. Dennis, and W. M. Wood, 
Willys Motors, Inc, Toledo, Ohio. SAE, 485 
| Yl S Lexington Avenue, New York 17, NY. 202A. 


* 


Beam vibration 


ACTUAL New low cost MINA | Presented is a procedure, based on 


the integral equation method, for the 


bearings meet economic | calculation of the natural frequencies 


of lateral vibration of beams with var- 


and technical problems iable cross section. ‘The approximate 


. oa * . solution is obtained by collocation. 
In miniaturizing a wide A preliminary step in the analysis is 


the determination of static deflection 


variety of industrial and | curves; this is carried out in a con- 
comme rcial products. | venient tabular form. An example of 


a stepped beam is given and the re- 
| sults are compared to those obtained 
| by another (Myklestad’s) method. 





ee ete 


SE Sa 


oy 
2 ae 


“A Tabular Collocation Method for Beam Vi- 
bration,” by R. Chicurel, Virginia Polytechnic 
Institute, Blacksburg, Va, and E. Suppiger, 
Princeton University, Princeton, NJ. American 
Society of Mechanical Engineers, 29 West 39th 
Street, New York 18, NY. Paper No. 60-WA-76. 










AE EC-3 precision ; 
e bearings made in _ 
\. by MINA Bear- > Plain bearings 





F ing, ¢ ¢ vii ii 1 of MPB, Inc. ¥% Whitemetals provide consistent, re- 
zi Samay: ae ee i: cl is eae liable performance for fully lubricated 
he | ee ee oN - ere] bearings, provided they are employed 
Ne , within the limits of their capacity. 
re Development of some high-duty bear- 
i Write or phone today for catalog ing alloys is discussed, notably the 
Ls | introduction of aluminum alloys as 
f and prices. competitive with bronzes. Early limi- 


tations of p.t.f.e. as a bearing material 
have been overcome by metal matrix 


impregnation and fillers. 
“Plain Bearings”. Mechanical World and En- 
gineering Record, 31 King Street West, Man- 
chester 3, England. October, 1960. 

+ 


BEARING 


A DIVISION OF MPB INC. 


LPR 
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Stresses in a bent pipe 


The stress distribution in circular 








O° 
® 
© 
B 
@ 
5 
® 
e 
© 
8 
© 
© 


KEENE, NEW HAMPSHIRE, U.S.A. bends formed from straight pipe and 

subjected to internal pressure is pre- 

ACTUAL telephone: ELmwood 2-0310 sented. The analysis determines first 
SIZE the thickness distribution after form- 


ing, followed by an examination of the 





continued on page 306 
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ANOTHER SATISFIED USER 


n 
Vite 





LAMINA-BRONZE 


WEAR PLATES 


The ram guides of this Bliss press utilize Lamina-Bronze 

(electroplated bronze on steel) wear plates to assure long 

life and free-running. For all models in the “C” series of 

inclinable presses, Bliss has standardized on Lamina-Bronze 
ES a Poe V-Gibs. In like manner, Lamina-Bronze wear surfaces are 
uso ere mare completely described in the best answer for any part that requires the non-seizing 
Bulletin WP-59, send for your free copy. properties of bronze and the strength of steel. 
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Where So Much Depends 
on BEARINGS... 


Rollway Bearing - equipped 
pipe - forming and welding 
aF Pays to Depend stands at J & L Aliquippa 
Works. Rollways are also«used 
in other equipment at Ali- 


Or ROLLWAY quippa, including cranes, 
crane hooks and mill motors. 





The addition of two Continuous Weld Pipe Mills has greatly 
increased Jones and Laughlin’s monthly production of welded 
pipe. The mills have operated since 1957. 

Both mills are Rollway Bearing-equipped, as are J] & L’s Stretch 
Reducing Mill and Electric Weld Tube Mill, installed at the 
same time. 

Operations like these demand component reliability. Dependable y Seitst 
Rollway Bearings regularly provide it. You can choose from a ee 


complete selection of sizes and types with maximum capacities. 
Consult Rollway’s nearest Engineering Office to select the bear- t 
ing just right for your job. Or start by writing for Product Line 


Catalog PL-559. Rollway Bearing Co., Inc., Syracuse, N.Y. R EA RINGS 
hrust Cylindrical Roller Bear 


c . 
Radial and 


ENGINEERING OFFICES: Syracuse @ Boston @ Chicago @ Detroit e Toronto @ Pittsburgh @ Cleveland @ Seattle @ Houston @ Philadelphia @ LosAngeles @ SonFrancisce 
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... and good connections require Wiggins Connectors. @ The vital link in today’s advanced aerospace 
projects, Wiggins connectors have an enviable record of success. This built-in reliability is yours in 
Wiggins’ complete line of electrical and fluid connectors and the unique Bar -X- all-metal seal. If you 
have a special connector or seal problem, Wiggins’ engineers can solve it, as they have on Atlas, 
Polaris, Pershing, B-52, Hawk, Quail, Titan, and many others—aboard the vehicle or in ground support. 
m Whatever your connector requirements, Wiggins—the authority on connectors—can fill them. Write 


R EQ U | FE ES G 00 D now for Condensed Catalog or specific information. 


CONNECTIONS... 


BAR-X? SEALS EVERY APPLICATION WITH SUCCESS! SUCCESSFUL FLUID QUICK CONNECTORS. Leak- 

From —450°F. to +-1500°F. Dual-seal redundant proof and rugged, these push-pull (no-twist) 

design. No catastrophic failure. Infinite storage life. connectors provide positive coupling under all 

Unprecedented service life. All-metal—non-contam- conditions. The click you hear and feel means a SUCCESSFUL ZERO-ENTRY AND PIN-AND-SOCKET 
inating. Stable, symmetrical design. One-piece positive connection is made. Designed for full CONNECTORS. Wiggins unique Zero-Entry connec- 
construction. Easy, foolproof installation (not a flow, minimum air inclusion, and positive seal, tors require no pin insertion—there are no friction 
mechanism). Very high and very low pressure. Elimi- they have been used with every type of fluid, in- forces to overcome at connection. At disconnect, 
nates critical downtime. Its success is builton more cluding gases, and corrosive and exotic fluids. = they slide away in any direction in a positive, 
than 100,000 hours of engineering and testing expe- The well known Wig-0-Flex flexible connector, smooth separation without pin friction. Self-wip- 
rience. From %” to 3” standard. Larger sizes on with more than 2,000,000 now in use, is proved ing contacts assure minimum contact resistance, 
request. by years of of extensive fie field service. low electrical noise. 


hn . 
SEAL HERE 
LOADI NG 
weRe ——4 ay = 
WERE 
o POLARIS: 126-contact, main umbilical connector 
© _ 


ATLAS: liquid rocket engine = quick-connect fuel vent 
BAR -X- SIZES: a! fuel system 
%” to 3” 


3” to 12" 

SPECIAL. 
MACE: outer stem, eentbaly pia a stead, start fluid 
actuated fiuid. umbilical 






DASH: 60-contact, destroyer-to-drone helicopter conan 


NAVY: 54-contact, umbilical connector for air-to-air missile 


| a %| 


QUAIL: 85-pin electrical umbiil- poset eel seen, eae 
ical connector 








WIG-O-FLEX: flexible connector f 
for rigid tubes 








} Wiggins 


‘ Write today for details 
E. B. WIGGINS OIL TOOL-CO., Inc. = Dept..k4 m 3424 E. Olympic Bivd., Los Angeles 23, Calif. @ AN 9-0181 @ TWX LA1403U Sales engineers in principal cities 
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Firestone Airmount regulates 
bark peeler’s infeed and 
outfeed of logs 


Fast, clean “‘shaves” for heavy logs save time and 
money for pulpwood and lumber producers. The auto- 
matic de-barking machines that do this job are actu- 
ated and shock-insulated by Firestone Airmounts, 
Located at critical points in these units, Airmounts 
keep an airtight grip on all sizes of logs and serve as 
cushions for vital working parts. This kind of engineer- 
ing builds new efficiency, precision and versatility into 
machines for countless industries—including yours! 
Airmounts are low in cost, long lived and ingeniously 
simple in design. They need virtually no maintenance. 
Whatever your actuation, suspension, shock or vibra- 
tion problem, why not write us, Dept. 41-3, for a low- 
cost, long-term solution with Firestone Airmounts. 


rirestone 
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Firestone Airmounts perform five impor- 
tant jobs in this bark-peeling machine 
made by Improved Machinery, Inc., 
Nashua, N.H. In fact, they maintain 
complete control of logs through the 
entire “‘shaving”’ process. 
Copyright 1961, The Firestone Tire & Rubber Company 


INDUSTRIAL PRODUCTS COMPANY 


Noblesville, Indiana *« AIRMOUNT® FOR INDUSTRY 
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F-M WEAR PLATE “RIDES HERD” 


ON TURBULENT PRESSURE 


IN CESSNA’S NEW HYDRAULIC PUMP 
LINE, F-M WEAR PLATE DIAPHRAGMS 
KEEP FLUIDS IN LINE to deliver pressures 
up to 2000 psi for aircraft, farm and con- 
struction equipment, many other hydrau- 
lic applications. These wear plate dia- 
phragms maintain positive contact with 
gears to assure high, uniform pressure. 
To provide a bearing surface for this job, 
Federal-Mogul applies a high-density 
bronze to steel by a special sintering 
process. F-M high-density bronze pre- 
vents fluid absorption, and it affords good 
lubricity, needed because some hydraulic 
fluids are poor lubricants. To further pre- 
vent the escape of hydraulic fluid, these 
F-M diaphragms are manufactured for 
a snug, close-tolerance fit in the pump 
housing. 


THE COMPLETE LINE of products from 
Federal-Mogul Division includes sleeve 
bearings, bushings, spacers, thrust washers, 
as well as wear plates. Through the years, 
F-M has amassed a wealth of knowledge 
and experience . . . from constant research, 
from solving bearing design problems for 
all kinds of products. Our engineers are 
ready to put this know-how to work and 


tailor bearing p roducts st tens A DESIGN GUIDE provides valuable engineering data for designers on F-M thrust washers as well as 
requirements . . . with top per- Fipeatl wear plates. Also available is literature on sleeve bearings, bushings and spacers. For your copies, write 
formance assured. Federal-Mogul Division, Federal-Mogul-Bower Bearings, Inc., 11043 Shoemaker, Detroit 13, Michigan. 


| EE DIVISION OF 
FE E Bz E rR A L - Mi © U L seaamneaee FEDERAL-MOGUL-BOWER 
Mee BEARINGS, INC. 
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WHAT MAKES 


Alinabol ROD ENDS BETTER? 


: . * 
One reason for the superior performance of Alinabal Rod Ends and 
Spherical Bearings is the precise control of the relationship of the 
spherical race to the ball. 


Each Alinabal unit has a precision ground, through hardened steel 
race. Precise control of the race radius enhances low friction operation 
and prevents “end-loading” effects. This spherically ground race is man- 
ufactured for assembly around the ball, and is not a set of relatively 
soft, pressed inserts, nor is it a swaged housing. Moreover, loading slots 
are not used in the Alinabal construction method. Thus, the ball is 
positively and permanently retained under misaligning conditions, 


Mlinabal is the registered trade name for rod ends and 


spherical bearings manufactured under U.S. Patent 2,781,238. 


A complete line — standard male and female rod ends — stud type 
rod ends — standard spherical bearings and rod linkages — sizes range 


from 3/16” to 4” bore. SEND FOR COMPLETE CATALOG 


| N Cc oO R es oO R A 7. E D 


LEBANON, NEW HAMPSHIRE 
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DESIGN ABSTRACTS continued 


validity of membrane solutions for a 
complete torus. The predicted thick- 
ness distribution is in excellent agree- 
ment with experimental results as well 
as with three previous empirical form- 
ulations. The analysis shows that 
stresses in curved bends will always 
exceed the governing hoop stress in 
a comparable straight pipe, the devia- 
tion becoming greater with increased 
corrosion allowance. The authors 
recommend that, for purposes of ac- 
ceptance by the ASA B31 Code, an 
excess stress level of the order of 5% 
be allowed to develop in pipe bends. 
The last section of the paper deals 
with the major assumptions made in 
the derivation, and finds all of them 
to be acceptable for purposes of this 
analysis. 

“Stresses in a Pipe Bent Into a Circular Arc,” 
by N. A. Weill, Armour Research Foundation, 
J. E. Brock, U. S. Naval Postgraduate School, 
and W. E. Cooper, General Electric Company. 


ASME, 29 West 39th Street, New York 18, 
New York. Paper No. 60-WA-157. 


Constant-force springs 


Capable of supplying constant force 
through a virtually unlimited deflec- 
tion, these springs can be used as 
counter-balances, motors and clamps, 
and for many other applications where 
controlled, steady force is desirable. 
“Contant-force Spring,” by Harry E. Nankonen, 
Hunter Spring Co, Lansdale, Pa. The Tool and 


Manufacturing Engineer, 10700 Puritan Ave, 
Detroit 38, Mich, Nov 1960. 


Horizontally divided 
journal bearings 


The theory of hydrodynamic oil 
film lubrication has been amply cov- 
ered by many writers, and equations 
and charts are available for the full 
journal bearings, for offset and cen- 
tral partial bearings, and for partial 
fully bedded bearings without end 
leakage. In all cases however a leak- 
age correction must be used for design 
purposes, and in the case of horizon- 
tally divided bearings, which operate 
as partial bearings, the shear of the 
oil film is not confined to the loaded 
part only. 

As the leakage factor is compara- 
tively great, approximations to the 


continued on page 312 
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CAPLUGS DIVISION, PROTECTIVE CLOSURES CO., INC. 

2205-9 Elmwood Ave., Buffalo 23, N. Y 
see how 
Caplugs 


MAIL a free assortment of Caplugs, literature and prices to us, 
without obligation. 


protect 
products... [iste 
send for this ne 
aitaa Firm 
sample Address 


kit 


City. 


won't chip, break, 
shred, or collapse 


low cost 
product insurance 








easy to apply 
‘ and remove 


molded of tough, 
flexible Polyethylene 


_Caplugs 


Quick, slick. protection for 

tubing, threaded fittings and machined parts 
in process, storage and transit .. . 

more than 600 sizes now in stock. 
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ARLIN-ROCKWELL 


p WCLIABILITY 
. OUNTS in EXCITING NEW FIELDS 


iM 
. 


AeA BE St 


THE WORLD'S FIRST OPEN-OCEAN HYDROFOIL CRAFT 


Hull designed and built by Grumman and its 
affiliate, Dynamic Developments, Inc. 


MRC Bearings have been selected for use in the 
power plants, intermediate power transmissions 
and propeller shafts to provide maximum reliability. 


MRC Maximum Capacity Duplex Bearings with 
multiple rows, mounted in tandem, give ultimate 
thrust load capacity for any available space. 


Backed by 63 Years Experience 
Consult OUR Engineering Department on YOUR Bearing Problems 
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Sslexrxcornnies 


...masters of precision-formed thin metals! 


FLEXONICS METAL HOSE AND FITTINGS 


Annular and helical corrugated; packed and non-packed inter- 
locked hose—to control the effects of pressure, temperature, and 
motion in conveying any medium. Made in all metals, in the 
broadest range of types and sizes—standard up to 24” ILD. Wide 
range of hose and fittings immediately available from local dis- 
tributor stocks. Special requirements are met on request. 


7 = 
*a* <s +4 
“See. - 


% 


<* 
ye 


FLEXONICS EXPANSION JOINTS 


Expertly engineered to your needs . . . hydraulically formed . . . 
metallurgically quality-controlled by exclusive techniques, for 
maximum cyclic life. Also Flexonics Expansion Compensators — 
inch for inch the lowest-cost way to absorb decal quowth in 


pipe and tubing 3” and smaller 


‘ 


' @-s 
. wn 
’ “ee > + 


os, 4 


FLEXONICS BELLOWS 


For measurement of “ava and temperature. . for sealing . . 
for operation of mechanisms. Available in all metals—including 
Flexonics-pioneered stainless steel—in the broadest range of sizes. 


FLEXONICS AERO/SPACE COMPONENTS 


Thin-wall stainless steel tubing and precision-fabricated ducting 
assemblies and configurations; flexible ducting sections, gimbal 
joints, pin joints; free-flexing joints—all designed specifically for 
the needs of the aero/space industries and formed by exclusive 
Flexonics methods to do more with less weight and less space. 
Also, complete line of aeronautical metal hose and fittings. 


Mail the coupon today ! Check your field of interest and clip the coupon to your 


letterhead, for helpful and informative Flexonics literature. 


me ATTACH TO YOUR LETTERHEAD—MAIL TODAY! og 
386 E. Devon Ave., Bartlett, Ill. 


DIVISION OF CALUMET & HECLA, 


386 East Devon Avenue 


FLEXIBLE ao and SYNTHETIC HOGE 
XPANSION JOINTS 
BELLOWS - SPECIAL TUBULAR ASSEMBLIES 
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NC. 


IN Please send me literature on the subject 
° Bartiett, tttinois 


that | have checked 


[_] Metal Hose [] Expansion Joints 
In CANADA 


FLEXONICS CORPORATION OF CANADA, LTD. [] Bellows [] Aero/Space Components 
BRAMPTON, ONTARIO 
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Kaydon Reali-Slim KA-40-CP 


is of a 500% sales increase... 


Kaydon reduces Reali-Slim bearing 
"off-the-shelf" prices additional 24% 


Five of the six series 
of Type “CP"’ Reali- 
Sitm bearings are 
smaller in cross section 
than the AFBMA 
standard ‘‘extra-light’’ 
series bearing shown 
above. 


Due to advantages made possible by 
greater sales and increased production 
efficiency, Kaydon now passes along an- 
other price reduction on “‘off-the-shelf”’ 
Reali-Slim Type CP Bearings. This new 
price cut (up to 24%) has been made in ad- 
dition to reductions up to 76% a year ago. 

More than 80% of all present standard “‘extra- 
light’’ series bearing installations never require 
the full capacity of the bearing. 

Kaydon now trims this expensive bearing ex- 
cess! Kaydon Type “CP” Reali-Slim bearings 
match proper size, weight and capacity to speci- 
fied shaft sizes. Overcapacity need no longer 
hamstring your product designs. 


Here's why! In Kaydon’s new Type “CP” 
Reali-Slim bearings (world’s thinnest), width 
and cross section remain the same for all bearing 
sizes in any one series. 

Example: each of the 15 sizes from 4” to 12” 
bore in the Reali-Slim KA series has only 14” 
width and cross section. Result: new opportunity 
to save on cost, size, and weight . . . in bearings 
and adjacent components. 

Availability? Now off-the-shelf in 90 sizes 
with Conrad deep-groove, ball-radial construc- 
tion . . . and new bronze one-piece snap-over 
separator in 4” to 12” bore — 4” to 1” width 
and cross section. Write for free, fact-filled ‘““CP”’ 
bearing bulletin — with prices! 


SO 


“MUSKEGON, MICHIGAN eT 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter . . 


. Taper Roller K-160R2 


Roller Thrust ¢ Roller Radial + Needle Roller ¢ Ball Radial « Ball Thrust « Four-Point Contact Bearings 


310 CIRCLE 310 ON READER SERVICE CARD 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 





Gasket engineering 


MECHANICAL PARTS AND DESIGN ANALYSIS =. 


BOLT LENGTH 
TORQUE RETENTION 


Bolt length and bolt torque are important factors in maintaining 
flange loads on gasketed joints. New engineering studies show the 
extent of these effects to be greater than anticipated. 


Retention of bolt torque on gasketed 
joints is a function of several factors. 
Two important ones concern the bolt 
itself: its length and the amount of 
torque initially applied to it when the 
joint is tightened. 

Recent tests were conducted at the 
Armstrong Research and Development 
Center to study (1) the relation of 
bolt length to torque retention; and 
(2) how torque retention is affected 
by variations in the amount of torque 
originally applied to the bolts. 

In these tests, separate steel flanges 
were prepared to accommodate three 
different bolt lengths—%”, 1”, and 
1%”. (See Figure 1 for definition of 
bolt length. ) 








EFFECTIVE 
sour 


LENGTH 


GASKET 





Figure 1. Here bolt length is defined 
as the distance from the underside of 
the bolt head to the face of the oppos- 
ing flange—including the washer and 
the compressed gasket thickness. 











The flanges were gasketed with an 
Armstrong beater-saturated asbestos 
material—Accopac AN-890—in '%2” 
gauge. (Previous tests had indicated 
that this material possessed excellent 


torque retention characteristics.) The 
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E. M. SMOLEY 
Research Physicist 
Armstrong Research and Development Center 


only variables in the tests were bolt 
length and initial torque values. 
After the bolts were torqued to 
specific loads at room temperature, 
the flanges were placed in an oven at 
300° F. for a period of 18 hours. Then 
they were removed, and while the 
flanges were still hot, bolt torque was 


re-measured. The percentage of re- 


short bolts . . . and the difference is 
greater as initial torque is increased. 
These results are, of course, what 
was anticipated in quality. In quan- 
tity, however, the difference in torque 
retention resulting from variations in 
bolt length and initial torque values 
was significantly larger than had been 


expected. 





© 
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BOLT TORQUE RETAINED 


— 


cE Crane T ——~ norte fb 
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" 
BOLT LENGTH 
Figure 2. Curves show % of initial torque retained after 


18 hours at 300° F. Initial torque is indicated at the beginning 
of each curve. 5/16-24 NF hard steel bolts were used. 


chicas cate 


1% 








was calculated and 
charted as shown in Figure 2. 


tained torque 

The chart shows clearly that low 
initial torque loads lose proportion- 
ately more torque than highef loads. 
At 10 ft-lbs of initial torque, fof ex- 
ample, the average torque loss for the 
But at 25 
ft-lbs of initial torque, the average loss 


three bolt sizes was 37%. 


was only about 8%. 
The tests also indicate that longer 
bolts retain torque much better than 


Research on gasket performance is 
a continuing project at the Armstrong 
Research and Development Center. 
Our large library of data may already 
contain the answer to specific prob- 
lems you niay have on gasket design, 
performance, or selection. We will be 
glad to make suggestions if you will 
submit details to us. Address inquiries 
Indus- 
6509 Irvin Street, Lan- 
caster, Pennsylvania. 


» Armstrong Cork Company, 
trial Division, 


(Armstrong GASKET MATERIALS 


311 





MECHANICAL PARTS AND DESIGN ANALYSIS 


DESIGN ABSTRACTS..........continued 


load capacity and coefficient of fric- 
tion, which simplify the comparison 
of cake designs, are justified. This | PARCO PROBLEM PROBERS 
has been done by the writer for the 


case of the normal horizontally divided ff HIGHEST QUALITY IN 
em@acana 


bearings which has a small amount of 
“bedding” and where the bearing com- NDREDS OF THOUSAN DS DAILY 
pletely surrounds the journal. The HU 

number of variables has been reduced 
by relating the leakage correction to 
the available bearing arc. 

The approximations assumed enable 
design comparisons to be made with 
greater ease without unduly distorting 
the established theories. 

“Horizontally Divided Journal Bearings,” by 
R. Livingstone. Mechanical World and Engi- 


neering Record, 31 King Street West, Man- 
chester 3, England. October, 1960. 


* 





Bearing-capacity charts 


Five charts are presented that are 
useful in determining bearing capaci- 
ties, loads, and bending moments. 
These charts can be used for a variety 
of bearings—sleeve, ball, roller, and 
other types. The procedure for using 
each chart is explained by worked-out 
examples. 

“Charts to Aid Bearing Capacity Determina- 
tion,” Tyler G. Hicks, Mechanical World, 31 


King Street West, Manchester 3, England, May 
1961. 





. | 
Bursting strengths If production of your product design requires thousands of highest 
The strength of precision manu- quality molded rubber parts every day, Parco’s Parco-Matic Process 
factured tubing and cvlinders can be is the answer. Parco’s new, electronically controlled high-speed tech- 
SES nique for producing molded rubber parts excells in maintaining 
constant high quality at the lowest possible cost. © The Parco-Matic Process 
employs extremely accurate molds in which each unit is produced by an elec- 
tronically controlled curing cycle employing exactly duplicated time and tem- 
perature constants from batch to batch. Because of mold accuracy, the products 
produced are essentially flashless and maintain consistent close tolerances. The 
. last part molded in a long production run is an exact duplicate of the first 
finish may be comparatively rough, and all parts in between when Parco-Matic is used. There is no room for 
even inconsistent, giving rise to stress error or variations with Parco-Matic. If you require large quantities of the 
raisers which can materially affect the highest quality molded rubber parts combined with production economies 
results achieved in practice. Hence Parco-Matic solve your problem and reduce your costs. 
in such cases calculated results may 
differ from experimental data and it 


predicted accurately from mathemati- 
cal formulae, in terms of the geometry 
of the tube, internal pressure carried 
and material stress. Exactly the same 
principles apply to pipes although in 
this case both the bore and surface 


is still more usual in the case of non- wn Plastic and Rubber Products Company " 
Send for ~w 2100 Hyde Park Bivd. « Los Angeles 47, Calif. 


3Tecisiol STOCK ) ~ “ . 
prec 1 stock to work purely from . | Please send the Parco O-Ring Data Chart to 


test figures, with maximum _ pressure 
ratings based on experimental data . 
and incorporating < itable safety . Se ee ee 
d inc ui rating a suitable safety GD. Plastic and Rubber Products Company 

factor. The same practice may be as 2100 Hyde Park Boulevard 1 8USINESS ADDREss____ 


applied to smooth-bore tubes where Los Angeles 47, California ; city___ 
the material strength may be sus- 


your latest #2". 
Parco Slide Rule ,_72 NAME 
err: 








continued on page 314 
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PARCO 
versatility 


..». With 


ANOTHER PARCO FIRST...OPENS NEW 
APPLICATION FRONTIERS! Until now, 
Teflon’s lack of resiliency has prevented 
its universal application. Parco design 
engineers have perfected a bond as 
strong as the physical properties of the 
sealing materials themselves. Now the 
unique advantages of Teflon can be com- 
bined with the resiliency of rubber and 
the rigidity of metal. TEST IT AND 
SEE! A free Tefion-to-rubber bonded 
sample will be mailed on request. 


PARCO TEMPERATURE AND 
DUST CONTROLLED PLANT 
ENVIRONMENT MEANS 

CRITICAL ACCURACY FOR: 


SEALS — Static and Dynamic Applications... 
Standard O-Rings, Back-Up Rings, V-Rings, 
Lip Seals, etc. 

BEARINGS — For Rotating, Reciprocating and 
Sliding Applications...Sleeve Bearings, Thrust 
Washers, Flat Sliding Bearings, etc. 
CUSTOM MOLDED AND MACHINED ITEMS — 


Specially designed parts to exacting customer 





specifications 


TEFLON TFE, REINFORCED TFE, FCP RESINS 
AND OTHER FLUOROCARBON MATERIALS 


PARCO DESIGN ENGINEERS 


AND DESIGN LIBRARY OF 
CASE HISTORIES can pre- 
solve many of the sealing 


Tf me problems you are presently 
= i investigating. We encourage 
Ly = s you to utilize this unique Send for your free 


Parco service. Tejlon.to-rubber bonded sample! 


‘ 


FLUOROCARBON DIVISION 
PLASTIC AND RUBBER PRODUCTS COMPANY 
2100 Hyde Park Boulevard, Los Angeles 47, California » Phone AX 5-4331 


"REGISTER 
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You can put 


% TON 


on this slide 


New Heavy-Duty Slide from 


Chassis-Trak 


Now you can rack-mount your 
heaviest electronic gear, yet keep it 
readily accessible for checking and 
servicing. A new heavy-duty Circu- 
lating Ball Slide, developed by 
Chassis-Trak, will easily support 
equipment in the 1000 lb. range, 
even under extreme shock and vi- 
bration conditions. Secret of the 
slide’s strength is its Circulating 
Ball design (see phantom view 
Weight is 


evenly over the balls which rotate 


above). distributed 


in the direction of the pull, resulting 


in easy sliding action, 


The new Circulating Ball Slide is 
permanently dry-lubricated with 
Poxylube 75, a bonded molybdenum 
disulfide film which assures smooth 
operation for the life of the slide. 
Easily assembled with standard 
hardware, the slide is available in 
lengths from 16” to 24” in two-inch 
increments and in lengths up to 60” 
in six-inch increments. Each track is 


sw 


only 1%” wide and 3” high, requir- 
ing ‘much less chassis space than 
other slides in this heavy-duty range. 

Get full details on the new CB 


Slide today. 


for further information contact: 


525 South Webster Ave., Indianapolis, Indiana 
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DESIGN ABSTRACTS continued 


pected of inconsistency (e.g. in evalu 
ating the strength of plastic tubes), 
and tubing performance rated against 
measured test data. In general, how- 
ever, similar figures can be arrived at 
by direct calculation, allowing a suit- 
able safety factor which errs on the 
generous side. Thus whilst a safety 
factor of 3-0 may be adequate for 
most purposes applied to smooth bore 
tube calculations, this can be in- 
creased to 5-0 or even 6-0 in cases of 
doubt. The use of calculated figures, 
together with a suitable, safety factor, 
does permit of optimum design or 
selection in avoiding the selection of 
excessively heavy or thick tubing 
where a lighter, and consequently 
cheaper, tube would be capable of 
performing the same duty. 

“Bursting Strength of Tubes, Cylinders and 


Spheres,” Mechanical World, 31 King Street 
West, Manchester 3, England, May 1961. 


Metal bellows seals 


A metal bellows can be incorpo- 
rated in an end face type seal. Tem- 
perature extremes or gamma radiation 
dictate the use of a metal bellows in 
such a seal. When able to calculate 
the spring rate of the bellows, the 
seal designer can set the proper sealing 
face load. The bellows seal design is 
not complete until the effects of tem- 
perature, pressure, and mating ring 
wobble are taken into full account. 
“Metal Bellows Seals,” by R. W. Blair, D. L. 
Johnson and J. P. Morley, Chicago Rawhide 
Manufacturing Company, Chicago, _ Illinois. 
Presented at the 16th ASLE Annual Meeting 
April, 1961 in Philadelphia, Pa. 


+ 


Externally pressurized step 
journal-bearings 


An externally pressurized gas jour- 
nal-bearing which achieves its load 
carrying capability by utilizing flow 
throttling dams parallel to the direc- 
tion of rotation is discussed in this 
paper. Test procedures and equip- 
ment used to develop this bearing con- 
cept are described. A_ theoretical 
method of determining pressure dis- 
tribution and load carrying capacity 
for the bearing is presented and corre- 
lated with experimental data for non- 
rotating shafts. Experiments showing 


continued on page 318 
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THERE’S MUSCLE IN AETNA ROLLER BEARINGS Aetna roller bearings 
offer an increased load capacity of more than 25%* over conventional 
roller bearings. This extra muscle is created by Aetna’s exclusive True 
Crowned roller design. In this design, ordinary high stress points are 
eliminated, and the load is distributed across the full length of the roller 
for greater efficiency. True Crowning is an example of our advanced 
technology, which consistently provides you with more dependable bear- 
ing performance. Aetna roller bearings are available in a wide range of 
self-contained, pure radial, standard designs, and in many specials of 
both pure radial and pure thrust design. For details call your Aetna 
representative listed in your classified directory, or write for General 
Catalog and Engineering Manual. 


*Determined by AFBMA formula 
AETNA BALL AND ROLLER BEARING COMPANY | 4600 SCHUBERT AVE. 
DIVISION OF PARKERSBURG-AETNA CORPORATION CHICAGO 339, ILL. ’ 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 


Aetna 


ROLLER 
BEARINGS 
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Unibal rod ends make excellent and inexpensive 
ROD ENDS shaft supports and hangers, 


with internal (female) threading 


An indication of the range of sizes 
F—Length to center of ball 812 to 2.875 
D—Outside diameter 469 to 1.750 
BD BOP on cercsesrevrsresenrvere 2910 «750 


Female rod ends are for 
linkages using rod stock, Suspension hangers for guide Shaft supports for 
bars on knitting machine. clutch assembly shafts, 


ROD ENDS ith external (male) threadi 
——eeee SPHERICAL BEARING, or cartridge unit 


ext) T Designed to correct misalignment in every direction and 
a 
le 


An indication of the range of sizes to operate under high-static loads or reduced loads at 


| 

F—Length to center of ball .937 to 2.875 low speeds. 
-| bt D—Outside diameter .469 to 1.750 
BBO nn acre ene ol 25 tO .750 


A 
=@Q il ae ot the ee 


D—Outside diameter. . .4687 to 4.000 
em ty Male rod ends are for linkages 
» T=IK@) 


using tubular stock. 


Three types of mounting for Unibal, showing angle of misalignment 


Materials used vary with specific requirements; for each. 


balls are hardened steel, bearing inserts usually 
bronze, outer members can be of any suitable 
material such as carbon steel, aluminum, air- 
craft steel, etc. 


Both male and female rod ends are available There are 2-piece Unibal bearings which can 
with lubricators. be had with conventional materials as well as 
with sintered iron balls, standard hardened 
steel balls, sintered iron or sintered bronze 
outer members, or almost any other suitable 

aveenonnseveareeeaenen i OF material. 


Flush type Standard 


lubricator lubricator Teflon provides long-wearing, low-friction, self- 


lubricating, high impact, vibration resistant 

properties when used as lining for Unibal 
For self-aligning rod end bearings to withstand bearings. For applications where speed ratings 
high loads at low speeds without lubrication, are not severe and minimum torque is 
there are Unibal rod ends lined with ‘teflon’. essential, 


Complete list of sizes, specifications, and load ratings 
is shown in Heim catalog and brochures. Please con- 
tact your nearest bearings distributor or write direct to 
An unthreaded shank series is also available for manufacturer. 
attaching by means other than threading. These 


are made with “B” dimensions from .190 to .250. TH e i r f as ee) | PA iad Y 


FAIRFIELD, CONNECTICUT 
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et KIKK and BLUM 


bring your drawings to lite 
~---on weldments and components 


For over 50 years, Kirk & Blum has been 

fabricating steel components for some 

of the nation’s outstanding manufacturers 
. . and maintaining their confidence 

with substantial savings in time and cost. 

Whatever the nature of your fabrication, 

you can be sure that Kirk & Blum 

will exercise the same care you demand 


of your own organization. 


Kirk & Blum maintains complete 
facilities and special equipment for the 
fabrication of sheet metals and light 
structurals. Copper, aluminum, monel, 
stainless and other alloy fabrication 


isa Kirk & Blum specialty. 


Let us send you detailed information 
on the products we have fabricated. 
Better yet, send us your prints 

for prompt quotation. 


KIRK . FLUM 


MANUFACTURING COMPANY 
3223 FORRER ST. 
CINCINNATI 9, OHIO 
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One source for spring alloys 


Phosphor Bronze 
Nickel Silver 


Inconel 
Inconel “xX” 
Duranickel 


and now—a 
complete line of... 


ISOLOY staintess 


steel spring wires 


* ISOLOY is a unique line of stainless steels developed by the Porter 
Alloyist with high uniformity in temper, dimensional size, grain size, 
tensile strength and coating. 

Why the name ISOLOY? 

We call it that instead of just “stainless” to enable you to differen- 
tiate between these high performance alloys and those made to con- 
ventional standards of uniformity . . . and to make your job of specify- 
ing spring material with these properties easier and more precise. 

The Porter Alloyist is your single reliable source for the finest, most 
uniform spring materials . . . round or flat. Count on Porter also to 
supply the world’s widest selection of specialty alloys in wire, rod and 
strip for many other applications. Ask for a free copy of “Alloys for 
Industry” or “Spring Materials Digest.” Write H. K. Porter Company, 
Inc., Riverside-Alloy Metal Division, Riverside 2, N.J. Or check the 
Yellow Pages for our nearest sales office. 

* Registered tradename, Riverside-Alloy Metal Div., H. K. Porter Company, Inc. 


il 
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DESIGN ABSTRACTS continued 


the behavior of the bearing under 
shaft whirl conditions are described 
and illustrated. Suggested ranges of 
the design parameters are indicated. 
The paper also points out advantages 
accruing from the design simplicity 
as well as the static and dynamic sta- 
bility of this bearing concept. 

“Externally Pressurized Step Journal Bearings,” 
C. R. Adams, J. Dworski, E. M. Shoemaker, 
Boeing Airplane Co. American Society of 


Mechanical Engineers, 61-LUBS-8, 29 W 39th 
St, NY 18. 


Analysis of thin cantilevers 

The paper proposes a new method 
for the calculation of large deflections. 
Slender bars under point loads are 
traced back to the strut problem, thus 
bypassing the solution of nonlinear 
differential equations. 

The main difficulty in the analysis 
of nonlinear bending is that the 
mathematical part of the problem 
points to the solution of a nonlinear 
second-order differential equation. 
Since the principle of superposition 
is not applicable every combination of 
loads must be solved on its own. 

To overcome part of these diff- 
culties this paper proposes the “‘prin- 
ciple of elastic similarity” instead of 
the principle of superposition. By 
applying this principle a number of 
cases can be reduced to one basic 
case. This case is the vertical bar 
loaded at the free top by a vertical 
load and fixed at the bottom. 

“A New Approach to the Analysis of the 
Deflection of Thin Cantilevers,” by R. Frisch-Fay, 
School of Civil Engineering, The University of 
New South Wales, Sydney, Australia. American 


Society of Mechanical Engineers, 29 West 39th 
Street, New York 18, NY. Paper No. 60-WA-17. 


+ 


Journal bearing analysis 


This paper analyzes journal-bearing 
equations by using phase-plane meth- 
ods—resulting in velocity versus dis- 
placement plots of the journal eccen- 
tricity. It is believed that this type 
of analysis exhibits previously known 
journal-bearing characteristics more 
clearly and introduces an explanation 
of certain other characteristics which 
were previously obscure. 

For example, all possible motions 
of the journal that can result from 


continued on page 323 
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NTTRUING RESEARCH lengethe ervice life 7 OHNSON TECHNICAL SERVICE invites your design 
ison aring quality — Improving bearing quality is depend- D }}@MS—For help on your design problems, send us a sketch. 

ent, to a pea extent, on continuous research and development. Also, include operating conditions of the working speeds, loads, 

Johnson's Research Laboratory conducts a continuous research and shaft or journal hardness, temperatures and possible method of 

development program in the field of bearing materials. Johnson's lubrication. We will forward a recommendation without delay. 

bearing testing program helps assure peak bearing performance 

under any operating conditions. 


; 


The Johnson Bronze Product Engineering Department counsels prospects 
In the Chemical Laboratory, careful analyses of metals’ composition help insure with bearing and bushing problems, works closely with customers 
top performance from Johnson Bearings under the most exacting applications on bearing applications 

















FOR FAST SERVICE... Check the Yellow Pages for your nearest Johnson Distributor—get his 
fast local service for your original equipment or replacement needs. Or, check a Johnson Bronze 
sales office. They’re located in all major industrial centers. For more information... Write 
Johnson Bronze Company, New Castle, Pennsylvania. 


, Q% « ~ o 
Johnson Bronze Company 
New Castle, Pennsylvania 
WORLD'S BROADEST LINE OF SLEEVE BEARINGS 
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DESIGN ABSTRACTS continued 


varying such parameters as journal ro- 
tational speed, load, eccentricity, and 


so on, are clearly shown 3-LOBE DESIGN 


“Phase Plane Analysis of Dynamically Loaded Exclusive M-D 3-lobe design 
Journal Beorings,” by H. T. Albachten, internal adds strength—reduces 
Business Machines, San Jose, Calif. ASME Paper torsion. Dynamically balanced 
No. 61-LUBS-12. rotor permits higher speeds 
—dgreater pressures. 











Ball bearing grease * caPagig 6 DUCTILE IRON 
A study was made to determine the Se Sere Only M-D uses ductile iron 
effects of penetration and thickener aS - : 7% rotors. Only M-D rotors are 
tent the fo » ch: ster. : i 4%! cast with lobe and shaft 
content on the performance character- integral—no pins to work 
istics of greases in high temperature 4 em L, loose. Makes M-D blowers 
ball bearings. This program was un- ‘ ? safest at high speeds. 
dertaken in view of the increasingly 
widespread use of milling by grease 
manufacturers as a means of obtaining HELICAL GEARS 
more uniform thickener dispersion 
and of making possible a reduction in Every M-D blower shipped hes 
5 : a matched pair of crown- 
thickener content without a corre- shaved, helical gears. 
sponding increase in penetration. Backlash tolerance is .0005” 
Thirtee - Sead lit! to .0015”. No other blower 
. lirteen proc ucts, including lith- matches M-D quality. 
ium and sodium soap thickened pe- 
troleum oil base greases and non- 


soap thickened silicone greases, were WHY M-D ROTARY POSITIVE BLOWERS 
investigated at temperatures ranging 

from 100C to 175C and speeds of DEVELOP HIGHER PRESSURES... 

3,600 to 7,000 rpm in both open and 
enclosed bearings. 

















The unique combination of precision 
manufacture and modern design found 
“Effect of Penetration and Thickener Content only in M-D rotary positive blowers per- 
on Ball Bearing Grease Performance,” by ™ mits higher speed operation and higher 
Albert A. Schwartz, General Electric Company, 00 pressures. For this reason M-D can fur- 
ential Hine VO. nS at oe SNS ‘ nish greater air flow at lower initial cost. 
ol gregy re a oe M-D blowers operate at wider pressure 

ae and speed ranges than any other rotary 
positive blower. Capacities of 30 produc- 
tion models range from 30 to 4,000 CFM, 
pressures to 15 PSIG single, 70 PSIG 
multi-stage. 


let Conditions) 


CP (At tn 


; 
Teflon bearings 
00 4000 S000 6000 arm 


This paper presents some character- CAPACITY CURVES FOR 12 FIG OtUvERY PRESSURE 
istics of PTFE fabric-lined bearings 
under high bearing loads and slow 
speed oscillation without lubrication 

The effect of load, speed and angle 
of oscillation on wear life is shown as 
well as coefficient of friction variation 
with load and ambient temperature. 

Optimum shaft finish for sleeve 
bearings and effect of initial lubrica- 
tion on wear and friction is presented. 

The investigation covers a range of 
loads from 5800 to 32,500 psi and 
testing speeds from 5 to 33 cycles per 


minute. 9 
“Ptfe Bearings for High Loads and Slow Os 

cillation,” by W. D. Craig, Jr. Mechanical 

Design Section, Grumman Aircraft Engineering For full information write 

Corporation, Bethpage, Long Island, New York. —_ M-D BLOWERS, INC., RACINE, WISCONSIN 
Presented at the 16th ASLE Annual Meeting —_— 

April, 1961 in Philadelphia, Po. A SUBSIDIARY OF BE MIEHLE-GOSS-DEXTER, INC, 


continued on page 33 
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CAGEROL 


OF NG) el A ad 


HEAVY DUTY 


NEEDLE ROLLER 


BEARING 


1 Exclusive crowned roller construction, elec- 
tronically gauged to insure precision contour 
and size uniformity. Relieved ends assure even 
load distribution. 


Flat ends fully engage integral race shoulders, 
provide maximum support. 


C ® 
Proper guidance assured by tapered retainer 
pockets. The design insures balanced roller 
* support and eliminates corner wear from edge 
loading of straight pockets where retainer OD 
BY and pitch circle are coincident. 


4 Simultaneously punched pockets assure accu- 
racy of race and roller alignment. The black 


INCREASE EXPECTED LIFE UP TO 10 TIMES! ferrous oxide retainer finish absorbs and retains 
lubrication, reducing the friction coefficient. 


You need CAGEROL bearing performance if higher speeds and increased 
\ aed ike y ‘ SAE 52100 steel outer race has optimum hard- 
misalignment have prevented the utilization of needle bearing load ness and surface finish. 


POINT OF RETAINER — 


capacity in your applications. Most important, CAGEROL bearings can POINT OF RETAINER — Cont oo amanees 


"ROLLER CONTACT 
deliver up to 10 times more expected life where misalignment and 
increased speeds exceed the capabilities of ordinary and guided needle 
bearings. The difference is in the exclusive McGill construction that 
features tapered retainer pockets for balanced roller guidance, crowned 


y 


rollers, and black oxide retainer finish. CAGEROL bearings are inter- et 


Ask for Bearing Catalog #52-A. 


: , ; engineered electrical produets — —v 
inners in two bore sizes. 


cS : 
McGILL MANUFACTURING CO., INC., Bearing Division eS i Lt. 
SB 


201 N. Lafayette Street, Valparaiso, Indiana 


changeable with all heavy duty needle roller bearings — with or without 


precision needle roller bearings 
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CCCP EERE EEE EEE EEE EEO OOH EHH HEHEHE HEHEHE HEE 


BE OS 


EVERY TYPE-EVERY USE 


okKF. 


INDUSTRIES, INC., PHILADELPHIA 32, PA. 


ANGULAR CONTACT BALL BEARING 


This is the bearing to use when you need a high- 


speed bearing to support either (a) heavy thrust 
load, or (b) thrust load combined with radial load. It 
lends itself to various mounting arrangements. For 
example, if you need axial rigidity and high radial 
capacity you can mount two of these bearings in 
pairs either face-to-face or back-to-back. Or, if very 
high thrust capacity is needed, you can mount two or 
more of these bearings in tandem. 


This standard bearing is available in over 80 sizes 
of single- and double-row types. Bore sizes range 
from 34,” to just over 7”. 





SPHERICAL ROLLER BEARING 


SoS invented the spherical roller bearing almost 
forty years ago. Since then, we've improved the 
original design several times—so that, today, our 
‘Type “C”’ spherical roller bearing offers longer life 
and 334% greater capacity. 


This increased capacity is largely due to the num- 
ber, size and shape of the rollers—and the improved 
accuracy with which they're guided. Because these 
bearings are inherently self-aligning, their ful] ca- 
pacity is always available for substantial thrust load 
in either direction as well as heavy radial load. 
These bearings also have special lubricating grooves 
that channel lubricants directly to the spherical 
rollers. 


ee 


“Tyson 
Spherical, Cylindrical, Ball, Tapered and REED Miniature Bearings 


SPHERICAL ROLLER THRUST BEARING 


Need a thrust bearing capable of carrying unusually 
heavy loads? Then specify this self-aligning spher- 
ical roller thrust bearing. It will carry either heavy 
thrust or combined thrust and radial loads. Because 
of its ability to carry high thrust at high speeds, this 
bearing is frequently chosen over large angular con- 
tact ball bearings for heavy-duty applications. 


SSF makes this bearing in twenty-five standard 
sizes ranging from 4.3” to 14.9”. And it’s competi- 
tively priced. 








TYPE SAF PILLOW BLOCK...with self-aligning 
ball or spherical roller bearings 


Here’s a rugged cast-iron pillow block that provides 
high efficiency with low friction. 


We make this split pillow block with ball bearings 
for normal loads and with spherical roller bearings 
for heavy loads. We also equip it with Triple-Seal 
rotating rings that effectively protect the bearing 
from abrasives and corrosives, and prevent oil or 
grease from leaking out. 


This pillow block can be mounted directly or 
with an adapter. Stabilizing rings are provided at 
no extra cost for applications where a “held” bear- 
ing is required to maintain shaft location. For 
heavy-duty applications, a cast steel housing (Type 
SAFS) is available. Shaft sizes from 34” to 1014”. 
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Only SF can offer you unbiased bearing recommendations — because only SIS produces all 
four major types of anti-friction bearings: spherical, cylindrical, ball, and tapered roller bearings. 
For complete details on each type, just call the nearest of the twenty-four SF sales offices. 


SINGLE-ROW DEEP-GROOVE BALL BEARING 


Here's a ball bearing that does two jobs, and does 
both of them well. It sustains heavy radial load as 
well as thrust load in either direction. Not only that, 
this bearing can be grease-lubricated when used at 
normal speeds and lubricated with oil at high speeds. 


Yet this is a standard S&F bearing, mass-pro- 
duced in various sizes at our automated Altoona 
(Pa.) plant. It’s available in over 100 sizes ranging 
from over 54” O.D. to almost 16” O.D., and with 
various seal, shield and snap-ring combinations. 








TYPE SDAF PILLOW BLOCK...with spherical 
roller bearings 


Need an exceptionally sturdy pillow block? One 
that can withstand abnormal shock loads or heavy 
thrust loads day after day? Then specify S&S Type 
SDAF 


To provide maximum strength, four heavy bolts 
secure the cap of this pillow block to the base. Both 
halves are accurately aligned by dowel pins. And 
like the Type SAF, this pillow block comes equipped 
with Triple-Seal rotating rings that protect the bear- 
ing from foreign matter and retain the lubricant. 


Type SDAF pillow blocks are made of cast iron 
but are also available in cast steel (specify Type 
SDAFS). They can also be mounted directly or with 
an adapter. Shaft sizes range from 2-11/16” to 14”. 
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CYLINDRICAL ROLLER BEARING 


Got a space problem? Here’s a bearing that gives 
you high radial capacity —at very high speeds — in 
relatively small space. It’s the S&S cylindrical 
roller bearing — which provides high radial capac- 
ity and minimum shaft friction. Controlled shaft 
end float within this bearing is a natural advantage 
of its design. 


You can get prompt delivery in 154 bore sizes 
ranging from just under 1” to 6”. Double-row cy- 
lindrical roller bearings are also available in bore 
sizes from 1” to 9.5”. 





“Tyson TAPERED ROLLER BEARINGS 


What type of tapered roller bearing do you need: 
single-, double- or four-row? SF's division, 
Tyson Bearing Company, makes all three of these 
types in a wide range of standard sizes. 


The single-row type is especially suitable for 
carrying radial loads simultaneously. Double-row 
types are designed for use where the radial capacity 
of two single-row bearings is required. For special 
applications, the four-row type offers very high ra- 
dial capacity in limited space. 


All Tyson tapered roller bearings are interchange- 
able, size for size, with other makes of tapered roller 
bearings where the part numbers are the same. 

5949 
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J0 YEARS PLUS 


in Wire Cloth Making In Back of Us...with an 
outstanding record of important pioneering 
developments. 


0 YEARS PLUS 


in Wire Cloth Making Ahead of Us...continuing 
with that same pioneering spirit to do more things 
and better things in the broad field of wire cloth. 











Newark Wire Cloth Company, as a corporation, was started in 1911 


but the “know how” that formed the nucleus of the business then 
came from its founder, John C. Campbell, a wire cloth maker from 
boyhood apprenticeship. Beginning at the age of 14 and working 

from 7 in the morning to 6 in the evening—with an hour out for dinner 
—he literally grew up in the business. When he started NEWARK 
WIRE CLOTH COMPANY, he knew wire cloth making from A to Z. 
But even better, he was capable of passing his skill 

and ingenuity to others. From that day to this the company has been 


responsible for many wire cloth “firsts” in the United States, 
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ire Cloth COM PANY. 





For example: 


BFWW ... (Before First World War) the 
company was the first to draw phos- 
phor bronze wire and to weave the 
wire cloth of that metal. The ‘first’ 
included the development of the 
process for making phosphor bronze 
suitable for drawing fine weaving 
wire. Another first of the pioneering 
kind was the use of monel. 


... produced the first ‘filter grade’ 
wire cloth for use in the beet sugar 
industry, including 20 x 300 and 
28 x 500 mesh, two pioneering 
achievements. 


We shall be glad to send 
literature on the follow- 
ing items: 

General line of Newark 
Cloth, Parts and Inserts 
of Wire Cloth, Testing 
Sieves, Wire Baskets. 


PRODUCT ENGINEERING - SEPTEMBER 


1920 ...produced the first 250 mesh cloth 
of any metal in the United States. 


19 271 ...produced the first 325 mesh cloth 
which—and this may be of interest 
—requires 7800 feet of wire for one 
square foot of cloth. 


1927 ...produced the first 400 mesh cloth 
which requires 9600 feet of wire for 
one square foot. 


1 g 39 ... produced the first 100x 1000 mesh 
cloth. . 


So much for a few brief “pioneering” notes. Today, 
Newark Wire Cloth Company can supply (1) wire mesh 
cloth in sizes ranging from 4 inch space to 400 mesh in all 
commercially available metals; (2) filter cloth in various 
weaves of standard and corrosion - resisting metals; (3) 
inserts and other parts of fabricated wire mesh without 
limit as to size, shape, mesh, number of pieces; (4) com- 
plete line of Testing Sieves to NBS, ASTM and ASA 
Standards. 


Newark was and continues to be a pioneering wire cloth 
company but along with that, it has the equipment, skilled 
workmen and experience to take care of industry’s most 
exacting requirements, 


COMPANY 


351 Verona Avenue Newark 4, New Jersey 


Teletype: NK607 ¢ Tel.: HUmboldt 3-7700 
Representatives in all principal industrial areas 
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AN DVIK\GTANL 


11R51 ’ 
STAINLESS 
SPRINGS 


A Proven 
Solution 
To These 
Problems 





Sandvik 11R51 

steels’ combination of 

high corrosion resistance and 
superior spring characteristics 
has proven itself in springs 
which must... 


1 Withstand severe temperature changes and 
condensates 


Wide selection molded plastic knobs, handles, 
hand-wheels at no tooling charge! Minor 
changes (inserts, threads, color, etc. ) to suit 
requirements. Other modifications give your 
part a look of exclusive design at fraction of 
new mold cost! Write for complete illustrated 
catalog, or see Sweet’s Product Design Cata- 
log File. 


2 Have high fatigue life and tensile strength 


3 Provide high torque values 





4 Not creep during long period of stress 





5 Give consistent, predictable results 


100 SHIMS 


THIS SIZE 


Send blueprint for 
shape required. Special 
tooling, first order only 
$9.75. 


Real time savers in 


To learn 
more about how 
Sandvik 11R51 


Springs can solve your 
specific design 


problems, write for Free 
Booklet or phone your 
nearest Sandvik office. 


production and mainte- 
nance. Used by thou- 
sands including 
America’s best known 
companies. More effi- 
cient, more convenient. 
Always available. Ideal 
for prototype. 


ONLY 


$925 


.005” thick 


(blue) 
PLASTIC 


FREE — Handy COLOR CHART, also 
samples and literature. Write today! 


In New York City » ALgonquin 52200 AR’ rus CORPORATION 


CLEVELAND + DETROIT + SKOKIE, ILL.- LOS ANGELES 
Dean St. ° Englewood, I 


SANDVIK CANADIAN LTD. P.O, Drawer 1335, Sta. 0. Montreal 9, P.Q. LO 
Works: Sandvikén Sweden cme] | well 7-0900 


SANDVIK STEEL, INC. 


Fair Lawn, New Jersey » SWarthmore 7-6200 
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Boundary to mixed friction 


Presents results of investigation that 
determined how various factors influ- 
ence surface velocity at which transi- 
tion from boundary to mixed friction 
occurs. Effects of additive concentra- 
tion, viscosity, surface finish, load are 
discussed. 

“The Transition from Boundary to Mixed Fric- 
tion”, R. L. Lenning, Cincinnati, Ohio. Journal 
# American Society of Lubrication Engineers, 


Dec 1960. American Society of Lubrication En- 
gineers, 5 N Wabash Ave, Chicago 2. 


* 


Measuring acceleration 


Seventeen different wavs of measur- 

ing acceleration are described and 
drawings of their mechanisms are 
included. 
“17 Ways to Measure Acceleration”, H B 
Sabin, American Bosch Arma Corp. Control 
Engineering, Feb 1961, 330 W 42nd St, New 
York 36. 


Ball bearings in liquid nitrogen 

On the basis of the work described, 
it is concluded that ball bearings in- 
corporating filled polyletrafluoroethy- 


lene ball separators are superior to 
bearings incorporating the other sep- 
arator materials tested when operating 
submerged in liquid nitrogen. This 
filled PTFE material exhibits a rela- 
tively low coefficient of friction to- 
gether with a high resistance to wear 
at liquid nitrogen temperature, which 
are the properties that contribute to 
its high durability in this application. 
“Evaluation of Ball Bearing Separator Ma- 
terials Operating Submerged in Liquid Nitro- 
gen,’ Wilson, Brennan, Birmingham, Cryogenic 
Engineering Laboratory; Martin, Argonne Na- 
tional Laboratories. American Society of Lubri- 
cation Engineers Paper No. 60 LC-4, 5 N 
Wabash Ave, Chicago 2. 


Caustic stress-corrosion 


Stress-corrosion failures in austenitic 
steels sometimes occur where chlor- 
ides and their necessary adjunct, oxv- 
gen, are not present. This suggested 
studies of caustic stress corrosion—its 
characteristics and possible ways to 
prevent it. Tests show that type 347 
stainless steel will crack in aqueous so- 
lutions of sodium hydroxide under 


continued on page 332 
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LONG LIFE, THOMSON ‘‘Snap-In”’ 
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i ok oe 
Low Cost Low Cost Low Cost 


FLANGED Nyliner 


COST LESS to BUY 
COST LESS to INSTALL 
& ELIMINATE LUBRICATION 


Additional Benefits: 


SLEEVE Nyliner DOUBLE-FLANGE Nyliner 


© CLOSE FIT © LOW FRICTION © INSTANTLY REPLACEABLE 
© LONGER LIFE © RESIST POUNDOUT © RESIST ABRASION 

® EASILY INSTALLED © NO FRICTION OXIDATION © MINIMUM. SPACE 

e LESS SERVICING © DAMP’ VIBRATION © SILENT OPERATION 

@ SELF-RETAINING © OPERATE IN LIQUIDS © LIGHTEST WEIGHT 

@ RESIST CORROSION © NON-CONTAMINATING e REDUCED WEAR 


Engineered to Solve Problems .. . Improve Products .. . 
Reduce Costs! 


NYLINER Bearings are a highly engineered thin liner of DuPont Nylon, designed 
to bring bearing users the many benefits of Nylon as a bearing material by solv 
ing most of the limitations surrounding its use. The compensation gap prin 
ciple assures maintenance of diametral tolerances for precision applications 
Seven Standard Types available from stock. Write for literature and name of 


your cal representative who stocks NYLINER Bearings for immediate shipment 


/ a THOMSON INDUSTRIES, Inc. 
we 


Also— \ —Manufacturers of BALL BUSHINGS .. . the Ball Bearing for Linear 
Motions and 60 CASE... Hardened & Ground Steel Shaftiny 














MECHANICAL PARTS AND DESIGN ANALYSIS 


DESIGN ABSTRACTS continued 


certain conditions, but quantitative 
data has been missing. Now, three 
test series run at Knolls Atomic Power 
Laboratory by General Electric Co 
and at Babcock and Wilcox Com- 
pany’s Research Center tie down 
some of this data and permit pre- 
liminary conclusions to guide further 
study. 

“A Look at Cautic Stress Corrosion,” by G. C. 
Wheeler, General Electric Co and Earl Howells, 


The Babcock & Wilcox Co. Power, Sept ‘60, 
330 West 42nd St, New York 36, New York. 


K Seals | . 


have the finest Rolling friction of balls 


lhe rolling ball seemingly has only 


te ee 
on the job record minor problems of friction. However, 


an extremely small rolling force exists 
which takes on importance in applica- 


of any static metal 


North American’s 
X-15 rocket plane tions of ball bearings known as the 


seal in the aircraft ti a flies with instrument type. If the friction torque 


K-seals aboard. 
a can be minimized in these bearings, 
1) 


and missile field the accuracy of the over-al 


be improved. 


device can 


l'o learn more about the problems 

of the rolling ball, the GM Research 

K-Seal is a ‘‘project tested’’ name for the Laboratories recently studied the en- 

world’s finest static metal seal . . . a name ergy losses of balls rolling on plates 

specified on the nation’s toughest missile 

and rocket projects. Users under NASA, 
Air Force and Navy Development and 


using specially constructed apparatus. 
Energy losses were shown as functions 
of load, material, and surface rough- 
ness. Confirmation was obtained of 
the theory that the energy lost in 


Production contracts include: Convair (Atlas 
ICBM), Rocketdyne, General Atomics, 
Sundstrand, Bendix, North American and 
Lockheed Missile Systems. rolling a ball on a plate is dissipated 
in hvsteresis losses of the elastically 
Giant 35-incher 


strained metals. 
for an Atomic Project. 


An equation was derived relating 


nt the rolling force and the material 
Q—How big is a K-Seal? damping capacity of the ball and 


A—As big as the job requires. a plates. The results of this work pro- 





Available in various metals ; ! vide information that can be applied 
and coatings, including the Tiny K-Mini-Seals 


' to bearing development 
new Harrison K-6 metal-alloy can seal a needlepoint. 


coating which has set new “Rolling Friction of Balls on Plates,’ Richard 
‘ . . C Drutow, General Motors Research Labora- 
test standards for high and low temperatures, use with exotic : 

tories. General Motors Engineering Journol, 


fluids and gases, radio-active applications and extended storage. July-Aug-Sept 1960, Warren, Mich 


; Manufacturing Co. Victoria 9-4585 * 
2908 N. Noomi Street, Burbank, Calif./The World’s Most Experienced Sealmcker 


Richard H. Williams, Pres. ey Foil strain-gauge 
Harrison Mig. Co. . 
2908 N. Naomi St. sa earn i : In general, analysis of concentrated 


Burbank, Calif. stress has been done by Ruhl-Fischer’s 


Please send me Free | : \ 

Brochures on . method. Now, more convenient re- 
wenge type metal = , , _ Representatives sistance-foil gauge S arc manufac ture d, 
sears = o 
Metal Seols for LS ee Le eae New York which have special configurations and 


Denver . 
AND-10,050 Bosses . ; + 
Y Mr le r varving th 
New K-6 Alloy Coot- Seattle electrical circuits fo irving cir 


estiemenenit __ Zone ____ State - Phoenix 
ing Ser Metal Seats Huntsville gauge length. With such gauges, 
concentrated strain distributions 


The Harold E. Webb Co., 1307 N. Son Fernando Rd., Burbank, California | around circular holes in tensile test 
specimens have been measured, and 
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the results checked with theoretical 
computations. These gauges have also 
been compared with commonly avail- 
able resistance wire strain gages. 

“An Experiment on a New Type of Resistance 
Foil Strain Gauge for Analysis of Concen- 


trated-stresses,’ Osamu Watanabe, Kyowa- 
musen Kenkyujo Co, Ltd, and Yoshikazu Izumi. 


Instrument Society of America paper NY60-48, 


313 Sixth Ave, Pittsburgh 22, Pa. 


+. 


Shock analyses 


Techniques for analyses of shock 
and vibration motions are considered 
which are of most value to the shock 
and vibration specialist and to the 
design engineer. In discussing these 
techniques three classes of shock and 
vibration motions are considered: peri- 
odic vibrations, non-periodic vibrations 
of relatively long duration, and tran- 
sients of relatively short duration. 
“Analyses of Shock and Vibration Motions,” 
Dr. Irwin Vigness, US Naval Research Lab. 


Instrument Society of America paper 4-NY60, 
313 Sixth Ave, Pittsburgh 22, Pa. 


_ 


Analog beam-analysis 


Analyzing the vibrational response 
of multirotor shaft systems usually 
requires the use of tedious methods 
or a digital computer. The small 
analog computer, however, permits a 


simplified approach which is suitable | 


for determining the response of ele- 
mentary systems by the average design 
engineer. 

“Analog Solution of Beam Problems,” by 
J. N. MacDuff, Duke University. Instruments 


& Control Systems, September 1960, 845 Ridge 
Ave., Pittsburgh 12, Penna. 


* 


Displaced bearings 


This paper is directed toward the 

apparently neglected possibility of dis- 
placing the lobe centers of two-lobe 
bearings orthogonally with respect to 
the mid-radius of the lobe. Analysis 
shows that when the lobe displace- 
ment is in a direction opposite to the 
shaft surface motion, and the bearing 
is centrally loaded, shaft stiffness or- 
thogonal to the load vector is sub- 
stantially increased. 
“Orthogonally Displaced Bearings—1!,” D. F. 
Wilcock, General Electric Co. American Society 
of Lubrication Engineers Paper No. 60 LC-7, 
5 N Wabash Ave, Chicago 2. 


continued on page 334 
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Adjustable Diameter and Open 
THOMSON 


| 


BALL BUSHINGS 











Adjustable Diameter 
BALL BUSHING 
for Zero Clearance 


LINEAR MOTIONS 


The BALL Bearing 
for all your 





Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 


Precision Series ‘“‘A’’ and 
Low Cost Series ‘‘B’’ BALL BUSHING 






Sliding linear motions are nearly always [QW FRICTION > ZERO SHAKE OR PLAY 
troublesome. Thousands of progressive 
engineers and designers have solved this ELIMINATE BINDING AND CHATTER 
problem by application of BALL BUSH- 

INGS on guide rods, reciprocating shafts, SOLVE SLIDING LUBRICATION PROBLEMS 
push-pull actions, or for support of any LONG LIFE - LASTING ALIGNMENT 


mechanism that is moved or shifted in a 
The various types cover a shaft diameter 


straight line. 
Improve your product! Up-date your range of %” to 4”. Small sizes available 
in Stainless Steel. Write for literature and 


design and performance with Thomson 
name of our representative in vour city. 


BALL BUSHINGS! 
THOMSON INDUSTRIES, Inc. 


Dept. H, MANHASSET, NEW YORK 












Also Manufacturers of NYLINED Bearings... Sleeve Bearings 
of DuPont Nylon, and 60 CASE...Hardened and Ground Steel Shafting 
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DESIGN ABSTRACTS continued 


Research on helical-groove seals 
The present article attempts to 
establish a theory on the _helical- 


groove seal, based on the elementary 
BELLOWS , | functions governing the iaminar flow 

) of fluids. Some additions are made 
which are based on easily obtainable 





deductions provided by the method 
of electrical analogue computation. 
“Research on Helical Groove Seals,’ by V. A. 
Zotov. Russian Engineering Journal, Issue No. 
10, 1959, Production Engineering Research 
Association of Great Britain, Melton Mowbray, 
Leicestershire, England. 


a a pati Balancing flexible rotors 
or : ee “ihe 
am i With a minimum number of meas- 
al , ‘ 
LA” 4° urements one can compute balance 
weight and position with the method 


’ \ . . ae 
Custom-Made in this paper. Trials on a test rotor 
* show it to be a practical procedure. 
by Rotertshaw.. . 
: 5 Ft . Di t “Balancing Flexible Rotors,’ by A. H. Church, 
up 0 . In UViameter New York University, and R. Plunkett, General 


Electric Co. American Society of Mechanical 
Engineers paper 60-WA-13, 29 W 39 St, New 
York 18. 





In nose cones, missiles, industrial applications, you can 
now specify the strength and flexibility of metal bellows in 
sizes up to six feet in diameter .. . and in any desired length. 
You specify . . . we'll deliver! 

Custom-made in single, 2-ply or 3-ply thickness — with 
each ply up to .060” in thickness — these new Big-Fellow 


Minimum-weight springs 
Procedure in this paper is for de- 
signing helical compression springs 
with minimum weight. It differs from 
bellows broaden your design scope to make possible new con- other procedures by using more uni- 


cepts in large-size flexible connections under extreme condi- versally applicable assumptions. 


tions of heat, cold or pressure. | “Optimum Design of Helical Compressions 

nan : . Spring,” by R. J. Erisman, International Har- 

These huge bellows can be supplied in monel, brass, saties Qo. Ainattens, Geitety eB teahaded Ge 

bronze, stainless steel, inconel or other materials, depending a 60-WA-215, 29 W 39 St, New 

. ° ° ° . ~ or . 

on properties and characteristics desired for your particular . 
purpose, 


w ? . . . . 
How about smallness Damping aircraft vibrations 
Our size range is equally complete in that 
direction, too . . . with bellows down to . as cause dangerous resonant vibrations. 


Powerful engines in modern aircraft 


“4” in diameter. 2 This paper discusses damping these 
Free catalog with essential information S ge. vibrations with visco-elastic (rubbery) 
on bellows design and characteristics. : materials inside beams and in strips 
Ask for Catalog RP-R. ‘s on top of them. Other ways of getting 
rid of vibrations or lessening their ef- 
fects are also explained in Part I. Part 
II gives the results of tests on designs 

in Part I. 
“Damping Structural Resonances Using Visco- 


elastic Shear-damping Mechanisms,” by J. E. 
. MR CONTROLS ¥ | Ruzicka, Barry Controls. American Society of 


Robertshaw-Fulton Controls Company & va Mechanical Engineers poper 60-WA-73 (Part 
thie. se*” 1) and 60-WA-72 (Part II), 29 W 39 St, New 


FULTON SYLPHON DIVISION * KNOXVILLE 1, TENNESSEE —_— sililaini a alate 
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BEARING 


MECHANICAL PARTS AND DESIGN ANALYSIS | = | 


One in a series of technical reports by Bower 





TESTING PUTS THE HEAT ON—HELPS 
BEARINGS BEHAVE IN EXTREME ENVIRONMENTS 


In industry today, bearing operating con- 
ditions are becoming increasingly severe. 
To conquer difficult environments, heat, 
corrosion and oxidation, Bower conducts 
exhaustive research to achieve improved 
bearing performance. One important 
area of Bower research, for example, is 
the development of special ailoys to with- 
stand extreme heat. To do this, Bower 
researchers use special heating appara- 
tus to study hardness, strength and other 
characteristics of alloys at temperatures 
in excess of 1000°F. 


One of the devices Bower utilizes to 
assure bearing precision at high temper- 
atures is a creep tester. Bower engineers 
use it to load a test bar to a predeter- 
mined stress level, then, with the assist- 
ance of a speoial heating unit, find out 
precisely how much the bar stretches as 
temperatures are elevated to a thousand 
degrees F., and beyond. 


With this type of data and the help of 
other Bower precision research equip- 
ment, engineers can determine alloys 
that best withstand torrid temperatures. 
They can also effectively mate thermal 
expansion characteristics of the various 
alloys used in roller bearing components 
and in shafts and housings as well. As 
a result of this mating, Bower creates 
bearings that maintain precision in the 
required temperature ranges and ensures 
bearings that provide long life, heavy 
load capacity and high-speed operation. 


Because of Bower’s continuing research 





ROLLER 
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BEA 


Bower engineers study how alloys stretch as temperatures rise in 


excess of 1000°F., to perfect bearings that can take it. 


in bearing alloys and other critical areas, 
we suggest you consider Bower to assist 
you with your bearing needs. Bower 
provides a full range of types and sizes 





tapered 
cylindrical 
journal 
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in tapered and cylindrical roller bear- 
ings as well as in journal roller assem- 
blies. Bower Roller Bearing Division, 
Detroit 14, Michigan. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 
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ENGRAVED PARTS 


by WM. A. FORCE 
—a source with over 85 years of experience. 


For the finest engraved 
components, manufac- 
tured with precision, de- 
livered on time —try 
Force. Engraving that’s 
bound to be superior be- 
cause engraving is our 
business. Companies that 
require engraved parts 
for electronic scanning, 
numbering, recording, 
dating, timing or coding 
rely on Force for quality 
production. 


CHARGE-A-PLATE 
DATING UNIT 


ENGRAVED TYPE 


Many styles of type 


@eeeeeeeeeeoeoeeee eee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ee 
for printing, em- 
bossing and indent- 


a a 
ing. Holder and - § “f 
cuxtilary equipment —_— we 


With internal retain- 
ers, engraved in re- 
verse to print from 
bottom to top. 


DATING 
WHEELS ASSEMBLIES 
Designed for many 
uses. In style illus- 
trated. wheels are 
convex for printing 
at right angles to 
rotating direction of 
the printing head. 


Engraved, ready for 
assembly with gears 
and ratchets. Mount- 
ing holes and inter- 
nal broaching in- 
cluded as specified. 


AS 
Ss 


Examples of just a few 
Force engraved units: 


Write for more information, brochures, samples or a visit from a Force representative. 


M.A & CO., Inc 
216 Nichols Ave 
Brooklyn 8. N 
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IN THIS ISSUE—A 
NEW READER SERVICE! 


THE DESIGN ENGINEERS’ 
PRODUCT CATALOG INDEX 


Here's a new service that will give 
you details on over 1500 catalogs 
and bulletins now available from 
suppliers. Not a directory—but an 
index! All literature classified under 
product headings and alphabetically 
by companies. Tells you what's 
available; gives you sources of sup- 
ply: enables you to be sure literature 











INDIVIDUALITY 


Triangle fits the bearing to the application. 
Whether you can use a standard, like the 
Pillow Block above, or need a special such as 
the Pedestal or Clamshell Bearings shown be- 
low, your particular bearing problem receives 
the individual attention best assuring cost 
reductions — quality improvements. 


SELF-ALIGNING . . . SELF-LUBRICATING 


SLEEVE-TYPE 
PILLOW BLOCKS 


The widest selection of 





you now have is up to date! Another 
great PRODUCT ENGINEERING ex- 
clusive. 


mountings available — 
functionally designed, ef- 
ficiently produced. Ex- 
perienced sales engineers 
available to help you 
. anywhere. Phone or write 
for descriptive literature. 


Wans oie Manuractuninc Co. 


730A Division St. Oshkosh, Wisconsin 


THIS NEW INDEX STARTS 
ON PAGE 499 
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DESIGN ABSTRACTS continued 


Friction between sliding surfaces 

The present paper describes the re- 
sults of studies which have been made 
of metallic contact, friction and sur- 
face damage between sliding, lubri- 
cated surfaces. The object of this 
investigation was fourfold: to develop 
a simple device for measuring both 
metallic contact and friction; to deter- 
mine to what extent metallic contact 
actually occurs under these conditions; 
to find out what are the important 


factors influencing the degree of con- | 


tact; to relate metallic contact, if pos- 
sible, to friction and surface damage. 
“Metallic Contact and Friction Between Slid- 
ing Surfaces,” M. J. Furey, Esso Research and 
Engineering Co. American Society of Lubrica- 
tion Engineers Paper No. 60 LC-10, 5 N 
Wabash Ave, Chicago 2. 


* 


Gas bearing for 
thrust applications 


This paper evaluates the self action 

developed by a nonpressurized parallel- 
surface gas lubricated thrust bearing as 
a result of steady precession of the 
slider and applies the results to the 
bevel bearings introduced by the au- 
thors in an earlier paper. 
“A Novel Form of Self-acting Gas Lubricated 
Thrust Bearings,” Noahovandi, Westinghouse 
Electric Corp; Osterle, Carnegie Institute of 
Technology. American Society of Lubrication 
Engineers Paper No. 60 LC-13, 5 N Wabash 
Ave, Chicago 2. 


U-springs 

Charted parameter makes possible 
a simplified method of finding stress 
and deflection. Advantages of the 
u-spring in comparison with other 
springs are shown. 


“U-springs—Stress and Deflection Calculations,” 
by J. E. Fleckenstein, Johnson Service Co. 
American Society of Mechanical Engineers 
paper 60-WA-172, 29 W 39 St, New York 18. 


New developments in 
vibration analysis 


Vibration analysis often involves 
tedious, time-consuming mathematics. 
The procedure used in this paper 
makes use of a generalized form of 
the Stodola method. This approach 


continued on page 341 
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| Liquids / Gases/ Solide/ 


DAYTON’S NON-COLLAPSIBLE, ULTRA- 
FLEXIBLE HOSE HANDLES THEM ALL! 


SOME PRESENT USES 





Resuscitator Oxygen 
Hose FDA Approved 


— ee | 
f= 


—;- 


tt 


. Dayfiex Current-Carrying 
Wherever low pressure or vacuum transfer is used to Geena eee 


move liquids, gases or solids . . . wherever light unit 
weight and extreme flexibility must combine with high 
tensile strength, plus the ability to withstand abrasion 
and rugged use— Dayton has a non-collapsible, flexible 
hose to do thé job or will design one to meet your 
specifications 


COULD ONE HELP YOU? 


Dayco Nylafilex* Hose is the most rugged plastic hose 
made. Exclusive NYLON reinforcement imparts greater 
flexibility, greater tensile strength and stretchability, 
plus longer life than ever before 


Dayflex* Current-Carrying Hose has a unique double wire 
construction which provides both structural strength and 
electrical capacity . . . carries 110-115 volts and is UL 
approved. 


Dayflex* Plastic Hose is a proven component of extreme 
flexibility and high tensile strength. Adaptations are now 
in use for Hair Dryers, Air Conditioning, Refrigeration, 
Resuscitators, and Vacuum Cleaners. 


industrial Vacuum Hose 


Dayton Dayfliex offers technical assistance to develop 
new uses for all its noncollapsible flexible hose. Our re- | 

search and sales engineers are at your service. Fill in eal 
the coupon and mail today. —y 


Dayflex plastic, Current-Carrying and Nylaflex hose offer 
innumerable design opportunities as flexible piping, vent- 


ing or ductwork for industry, transportation or home 
Domestic Dryer Venting Hose 








Trade Mark Patented and Patents Pending 


Uayco ~~ 


CORPORATION 





DAYFLEX PLASTICS DiVISION, DAYTON 7, OH/O 


DAYFLEX PLASTICS 
Division of Dayco Corporation, Dayton, Ohio 


Please send free 
samples of flexible 
hose as indicated: 








(] Vacuum Cleaner 
() Current Carrying 


CD Nylaflex 
Vacuum Cleaner 


0 Nylaflex 
Swimming Pool zone __ state 
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tru-Lay PUSA-\\. conTROLS PROVIDE 


Dependable ™. REMOTE 


Economical : 


Economical? CONTROL 





e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL FLEX- 
IBLE CONTROLS can help solve your design problems. They 
provide positive remote control over long or short distances 
—up to 150 feet from the control point. Because they oper- 
ate while flexing, they can snake around obstructions. They 
will not buckle. They’ re factory-lubricated for life, unaffected 
by temperature extremes. They are ruggedly constructed, 
easily installed and operated, sealed against dirt and mois- 
ture, and will handle jobs with as much as 1,000 lbs. input. 
PUSH-PULL CONTROLS are simple, have but one moving part, 
are noiseless, and give a lifetime of accuracy. Mechanical 
linkages, on the other hand, are complex. Unlike PUSH-PULL 
CONTROLS, they are made of many parts, wear at many 
points, and produce increased backlash, lost accuracy, and 
vibration rattles. 











CABLE SIZES AVAILABLE Operating Heads to Fit Your Design 
. : for loads up to 125 Ibs. 
inimum aximum input 


Recommended | Load in Pounds Heavy Duty e For rugged duty, 
Control | Radius | (Dependent but where operation must be 
| Dimension in Inches on Travel) smooth and accurate. Meets 
———————---._—s@aJ/]- requirements for depend- 
30 ability and life. 





i 
T 
3/32" 
” | 
1/8 | Light Duty e Smooth, accurate, 
3/16" | 115-175 dependable performance at 
1/4” 300-600 low cost. Your choice of sev- 
i 
A 





eral types of knobs. 





5/16" 700-1,000 


i Selective Friction « Amount of 
friction can be changed to meet 


individual requirements. Fric- 


PUSHIN. vata Five sHows How | tien constant at any setting. 
TO SIMPLIFY, IMPROVE DESIGN Position Lock e A slight turn of 


e Write for your PUSH-PULL the T-type handle locks the 
Data File. It contains a control in any position. Two 
complete set of engineering sizes for light and heavy-duty 
bulletins which describe in applications. 


detail the operation of 
PUSH-PULL CONTROLS, their Micro Control ¢ Push or pull 


applications, features and the knob for instantaneous re- 
advantages. sponse, then rotate knob for 
vernier adjustment. 


PUSH-PULL CONTROLS 


Automotive and Aircraft Division » American Chain & Cable Company, Inc. 
601-E Stephenson Bidg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 + 929-E Connecticut Ave., Bridgeport 2, Conn. 
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MATCH THE BEARING 
TO THE JOB 














\__ With buitt-in seats / 
ORANGE cage 7ywe NEEDLE BEARINGS 


\ Without seals y, 








Precision needle rollers are permanently aligned in pockets of 
anti-friction cage—resist skewing while running in vertical, 
tilted or horizontal position. Successful on overhung mountings: 
less affected by misaligned mountings or shaft deflections. Sizes, 
without seals, 44” to 8” shaft dia.; with built-in seals, 44” to 2” 


shaft dia. 








ORANGE ROLLER BUSHINGS 


Full type precision needle bearings pro- 
vide maximum load capacity in small 
radial space. Close internal running 
clearances minimize possibility of mis- 
aligned rollers. Standard sizes 44” to 8” 
shaft dia. 








~ 


moe 
Se nmenmineaeal 
ert 











y, 
ORANGE JOURNAL ROLLER BEARINGS 


Provide high load capacity where radial 
space is limited. Available as complete 
bearings or as component parts in inch 
sizes, in multiple lengths, 54” to 5” 
shaft dia. 





DDE 














ORANGE STAGGERED ROLLER BEARINGS 


Exceptionally high load capacity and 
even running are gained by use of many 
short rollers in staggered arrangement, 
instead of fewer long rollers. All standard, 
interchangeable sizes in the 200 and 
300 series. 











ee 


ORANGE CAM YOKE ROLLERS 


For yoke mountings involving follower 
action, and for machine elements re- 
quiring guide or support rollers. Stand- 
ard sizes from 34” to 4” O. D. Chrome, 
Cadmium or Black Oxide finishes avail- 
able; also seals where required. 





Engineering representatives and distributors 
in all industrial areas 














ORANGE CAM FOLLOWERS 


Provide high load capacity and shock 
resistance. Standard sizes from 1%” to 
4” O. D. with either standard or heavy- 
duty studs. Chrome, Cadmium or Black 
Oxide finishes available; also seals 
where required. 





~ 








O02, 


ORANGE THRUST ROLLER BEARINGS 


Cylindrical roller type thrust bearings 
provide high capacity and durable 
service. Available in light series 74” to 
31%” bore; heavy series from 2” to 16” 
bore. Special types and sizes to order, 





ee 


Send for 48-page Engineering Reference Manual 


showing dimensions, capacities, installation 
. data on all Orange Roller Bearings. 
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STEEL DISC WHEELS 
its REPLACEABLE 


OLYURETHANE TIRES 


@ Polyurethane lasts up to 10 @ Its high shock-resistance pro- 
times longer. tects loads from damage. 

@ It is strongly resistant to oils, @ It rolls easily under the heavi- 
most detergents, mild acids, and est loads, due to its low coefficient 
alkalis. of friction. 

@ It does not stain or mark light- ‘ <a 
colored asphalt or vinyl floorings, @ Clincher-type plates simplify 
even under heavy loads. tire changing. 

@ Its lasting resiliency is kind to @ Hyatt roller bearings provide 
all floor surfaces. a smooth ride for heavy loads. 


@ Cadmium plating protects steel discs. 


These and other Superior quality wheels and casters are sold by materials 
handling distributors everywhere. Or write to address below for prices. 


Jarvis &), arvis 


DIVISION OF UNITED SERVICE EQUIPMENT CO., INC. 


Palmer, Massachusetts 


in Canada: Jarvis & Jarvis of Canada, 1744 William St., Montreal, Que. 
CIRCLE 740 ON READER SERVICE CARD 


Reinet THEY'RE 
LIFE SELF-LUBRICATING 


GRAPHALLOY, a solid lubricant, Contains No On. WORK WHERE OTHERS WON'T — Typical Graphalloy Applications. 

GraPHALLOY Bushings eliminate shutdowns for beat- ar HicH TemPERATURES: Ovens and Kilns * Dryers * Stokers * Conveyors 
— — a Service, OF Fag peg Many — * Turbine Safety Bushings * Pulleys and Sprockets. 

ee ee tee = pate « At Mepium Temperatures: Bushings for Instruments, and for Textile, Printing, 
Food and Dairy Machinery * Pump Bushings and Vanes ¢ Inaccessible 
Bushings as in blowers and fans * Foot and Guide Bearings, Thrust Washers, 
FOR DRY APPLICATIONS — Where oil connot be used! Cam Rollers, Piston Rings, Seal Rings, Rotary Joints, Friction Discs, Process 
Equipment. 
AT Low TEMPERATURES: Oxygen Pumps * Potentiometers * Timers * Outdoor 
Signal Equipment * Airborne Servomechanisms ¢ Missiles. 








temperatures. (Operating range: 750°F to mirus 400°F.) Value analysis in- 
dicates that, for overall cost, GRaPHALLOY Bushings are more economical! 





1) In Hicn Temperatures ...to 750°F....Graphalloy bearings give long 
service without attention, eliminating shutdowns with their attendant loss of 
production and cost of replacing parts. They are used where oil or grease would 
volatilize or where fumes would contaminate the product. 


2) At Room Temperatures. In heavy duty, low-speed machinery (particularly ENGINEERED WITH PRECISION TO YOUR DESIGN 
with vibration), where oil or grease would squeeze out. In medium duty, 
medium speed, oil and oiling schedules are eliminated. In special usage... 
Graphalloy does not attract dust or lint (and their abrasive action); does not 
contaminate foodstuffs or pharmaceuticals; in instrument applications Graphalloy 
eliminates the meniscus drag of oil-lubricated bearings. Because friction remains 
constant over wide swings in humidity, Graphalloy excels as a clutch-facing 
material 








i 


x ) e PILLOW i @ HANGER 
vas BLOCKS @) BEARINGS 
Bo 

== Self-aligning or | J 

: rigid, split or solid \ oll 

bushing and block. Send for P veyors, dryers, kilns. 
literature. 


METAL- ye °C) SPECIAL 


Pai 
a > )  D) BACKED Ns TYPES 
ey BUSHINGS §) If Metal-backed bush- 


ings . . . for spider- 
type construction 


For ovens, oven con- 





3) At Low Temperatures, Graphalloy Bushings have no lubricant that will 
solidify In oxygen pumps there is no oil to form an explosive mixture. 
Graphalloy exceeds MIL specifications (operates to minus 400°F). 
SUBMERGED APPLICATIONS — 

Cleaning, pickling, plating, scrubbing, galvanizing, dyeing. 

Pump bushings and seal rings, step or foot, conveyor, or roll bearings . . . sub- 
merged in water, gasoline, acids, dyes, or food products and pharmaceuticals. 
(Graphalloy is inherently stable...no swelling in submersion.) 

SPECIAL HIGH SPEED APPLICATIONS 

Up to 100,000 RPM, where some extremely low viscosity lubricant other than 


oil is used such as air, water, gasoline or steam Send for Bushing Inquiry Form 107 B and descriptive literature. Our 
; ; : F : 7 » broad application experience is available to solve your problems. 


silane auras poeta <j | D> GRAPHITE METALLIZING CORPORATION 
1022 Nepperhan Avenue, YONKERS, NEW YORK 
a 3 
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For slip fit installations. 4 














DESIGN ABSTRACTS continued 


eliminates difficult integrals such as 
those required for the Rayleigh energy 


method. The method further illus- | 


trates its advantage where a_ large 
number of similar structures can have 
common influence coefficients for 
their analysis. 

“New Developments in Vibration, Shock and 
Stress Analysis,” J. J. Albanes, Sperry Gyro- 
scope Co, Great Neck, NY. Paper No. 3.4 
published in NEREM Record, Nov 1960, Insti- 
tute of Radio Engineers (Boston section), Bos- 
ton, Mass. 


* 


Strength of polymers 


The Griffith theory for brittle frac- 
ture predicts that the tensile strength 
should be inversely proportional to 
the square root of the size of a defect 
or flaw in the sample tested. The va- 
lidity of this relation has been investi- 
gated for the glassy polymers, poly 
(methyl methacrylate) and _polysty- 
rene. ‘The results indicate that the 
strength of the polymers depends on 
two factors; (1) the surface energy, 
and (2) the inherent flaw size. The 
surface energy is primarily that dissi- 
pated in a viscous flow process and 
the inherent flaw size is related to 
the tendency of the polymer to craze 
under stress. 

“The Strength of Glassy Polymers,” by J. P. 
Berry, General Electric Research Laboratory. 


Presented at 17th Annual Technical Confer- 
ence, SPE, 66 Prospect St, Stamford, Conn. 


. 


Thickness of babbitt lining 


The shaft diameter should not affect 

the design thickness of the babbitt 
layer. This should be determined by 
the sum of three terms: the thickness 
required to adequate strength, the 
thickness corresponding to the maxi- 
mum permitted wear and the thick- 
ness needed to compensate for inac- 
curacies in the manufacture of the 
bearing layer. The first contribution 
includes the maximum surface un- 
evenness and must take account of 
the maximum particle size allowed 
through oil filters. 
“Determination of Thickness of Babbitt Lining 
for Friction Bearings,” Smirnow, B. |. Transla- 
tion of Vestnik Mashinostroyeniya (USSR) 1958 
Vol 38, no 6, p 26-28. Available from Photo- 
duplication Service, Publication Board Project, 
Library of Congress, Washington 25, DC or 
SLA Translations Center, The John Crerar 
Library, 86 East Randolph St, Chicago 1. mi 
$1.80, ph $1.80 60-2379. 
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a new design concept... 


HDR SERIES High precision radial 
ball bearings with maximum ball complements 
in deep groove races uninterrupted by filling 
slots or counterbore — extra high capacity — 
made in three metric series, in ABEC 3 and 
ABEC 5 precision grades. 


T SERIES Thin-section, high precision 
radial ball bearings. Type TCR with maximum 
ball complement and retainer — Type TCF 
with full race ball complement — Type TWF 
with unique integral shield. 


MIDGET T's 

Small, thin-section ra- 
dial ball bearings with 
maximum ball com- 
plements and one- 
piece retainers — high 
concentration of load 
capacity in minimal 
space results in tremen- 
dous space savings. 


Split Ballbearings represent a significant step forward in bearing tech- 
nology. Their many advantages over conventional bearings are derived 
from our exclusive and patented method of construction which permits 
utilization of maximum ball complements in deep-groove ball races un- 
interrupted by filling notches or counterbore. The result is a new kind of 
precision ballbearing with superior performance abilities. 


FUNCTIONAL ADVANTAGES EXCLUSIVE WITH 
PATENTED S8BB BALL BEARING CONSTRUCTION 


MORE LOAD CAPACITY — up to 56% more radial capacity than conven- 
tional Conrad-type bearings while maintaining full thrust capacity in either 
direction. LONGER SERVICE LIFE — up to 280% more life than conventional 
Conrad-type bearings, without sacrificing load capacity. ONE-PIECE RE- 
TAINER — strong, light, precision made. SPACE SAVING — more capacity 
in a given bearing envelope means smaller bearings may be used. LOW 
TORQUE — maximum ball complements and precision one-piece retainers 
provide better load distribution within the bearing, effectively reduce start- 
ing torque, and minimize running torque. GREATER RIGIDITY, LESS DE- 
FLECTION, INCREASED RESISTANCE TO SHOCK LOADS — all these ad- 
vantages derive from using maximum ball complements in deep groove 
bearings without filling notches or counterbored rings .. . possible only with 
Split’s patented construction method. INTEGRAL SHIELDS — truly integral 
shields in thin-section bearings . no ring distortion. SPECIAL DESIGNS 
— Split Ballbearing’s method of construction brings new solutions to diffi- 
cult bearing problems. As a result, many of these incorporate special bearing 
designs. You are invited to consult with our Special Bearing Engineering 
Group for new approaches to your particularly difficult bearing problems. 


! N c oO R ad oO AY A T E dD 


—S—. 
LEBANON NEw ee a ede oe. ie 
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UNDERWRITERS’ = ®& / 7: 
LISTED Ow nf) A GASKETS 


CHICAGO ACE) BO sc 


SHIMS, SEALS 7 


the ANSWER 

will be found 
at AUBURN... 
We fabricate 

in over 200* 
WELGUEIS 


PIN TUMBLER LOCKS) 


ee ES ESR 


“wes Se Tray See ee 


Leather - Asbestos - Nylon - Vinyl . Teflon . Silicone Rubber - Neoprene . Rubber 
Cork - Fibre . Compositions . Phenolics . Cloth . Felt . Paper . Cardboard - Plastics 
Brass - Steel - Copper . Aluminum - Kel-F - Viton A - Mylar - Other Special Materials 


No. 4903 a Send specifications or blueprints for prompt 
‘ quotations and recommendations. No obligation, 


AER > 
THE AUBURN MANUFACTURING CO. <g> 


307 Steck St., Middletown, Conn. 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich.; Chicago, III.; 
Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.¢ 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Washington, D.C, 
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—— ap 


No. 2712 


No. 4904 








Hardened Steel ACE Key SUPER PRECISION 


; GRINDING SPINDLES 
wae ) wy STANDARD 


No. 4905 


pecify rugged, dependable 
, Standard Super Precision Grinding 
Here is the only line of locks listed by Underwriters’ Spindles. The nation’s widest line of 
‘ . . T .— ‘ , conventional designs plus custom engi- 
Laboratories. The unique ACE Locks provide the neering service 
maximum in mechanical security. Over 80,000 key- “endless versetile veriations” 
ing combinations are possible so that you may have beeen ail 
your own factory-registered tumbler set-up. For No. 7108 ——- amen 
technical details on models available for various ap- C ome 
plications, write for Switch Lock Bulletin UB 501. 








CH iCAGO LOCK . PRECISION SPINDLE DIVISION 
= te STANDARD ect tu 


2050 N. Racine Avenue * Chicago 14, Illinois 





2601 RIVER ROAD, CINCINNATI 4, OHIO 
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BOOK REVIEWS 





Linear System Analysis 


PAUL F PFEIFFER. McGraw-Hill Publishing Co 
Inc, 330 W 42nd St, NY 36. 61% x 91%, 538 
pp. $12.50. 

Because it is intended chiefly as an 
undergraduate text, this book can 
serve as an introduction to the theory 
ind methods of linear-system analy- 
sis for engineers whose advanced 
math has gotten a little rusty. The 
author has thoughtfully provided re- 
fresher courses in all those phases of 
mathematics, beyond calculus, 
needed to understand the theory of 
linear systems. In a space of some 30 
pages, Chapter 2 reviews such mathe- 
matical topics as complex variables, 
polynominals, rational functions and 
determinants. And later chapters 
take up linearized dynamic equations, 
Laplace transforms, transfer functions 
and matrices. For the practicing en- 
gineer, the author, professor of clec- 
trical engineering at Rice University, 
offers this advice: The first several 
chapters will “put you in touch with 
the essential theory needed for ap- 
plication without requiring too much 
theoretical background.” The person 
who is prepared to work at a more 
advanced level may find Chapter § 
(“Some Mathematical Properties of 
the LaPlace Transformation”) and 
Chapter 9 (“The Transfer Func- 
tion’’) of interest. In particular Chap- 
ter 9 wraps up a great deal of the 
important theoretical development of 
discrete - parameter time - invariant 
linear systems. 


+. 


Shock and Structural Response 


MILLARD V BARTON. American Society of 
Mechanical Engineers, 29 W 39th St, NY 18. 
82 x 11, 79 pp. $4.50. 

This compilation includes five pa 
pers presented at a colloquium on 
shock and structural response at the 
Annual Meeting of the ASME, No- 
vember 30, 1960. 

The determination of the responses 
of systems to shock as well as the 
characteristics and measurement of 
the shock itself have been subjects of 
extensive investigations for many 
vears. This material reflects the wide 
range of subjects and methods used 
in the rapidly developing field of 
shock and structural response. As 
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‘What do you want a Float to do? 


Provide Maximum Buoyancy? 
Withstand High Temperature? 
Stand up to High Pressures? 
Resist Corrosion? 


Ss 


—L) 


Nicholson Floats are your dependable, efficient answer 


Md hene'y why! 


Light enough for use as buoyancy mediums, or heavy enough for 
use in high pressure process vessels and as fluid containers or 
pressure chambers, Nicholson floats are die-formed . . . not spun, 
laminated or electro-deposited. Precision-welded for rugged duras 
bility at working pressures up to 2500 lbs. Annealed to prevent 
cracking. Uniformly thick walls with butt-welded seams. Spherical, 
elliptical or cylindrical. Steel Floats: chromium, cadmium, copper 
plated. Also unplated, with sandblast or pickled finish. Stainless 
Steel and Monel Floats: rough buffed or polished with smooth, 
highly-finished welds. 


This Coupon Brings You Informative 
Bulletin On Floats 


Bulletin 753 contains facts on steel, stainless steel and monel floats, 
information on float connections, tables showing weight, buoyancy and 
collapsing pressure for spherical floats for all gauges ... also volume 
and buoyancy data. Fill in and mail this coupon for your copy. 


Name 








Title- 


Company 








Street 





City 








such, several different viewpoints are 
expressed or implied which illustrate 
continued on page 345 


W. H. NICHOLSON and COMPANY 
12 Oregon Street e Wilkes-Barre, Pa, 
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wail ' ' a ROD END EXTERNAL 
, y | A " 7 itl ” E 
ROD END INTERNAL = } S if-Al gn g ; ; DREM” SERIES 
THREAD TYPE e ignin - 


“DREF” SERIES - j 
. / and 


: Self-Lubricating 
SPHERICAL BEARINGS 


” “ ae 
Combine Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON”® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 
for these 5 major reasons: 


. LOWER COEFFICIENT OF FRICTION In addition, due to their two-piece “MONOBALL’’® 
.. ideal where lubrication is impossible or undesirable. design and plastic alloy insert, ‘(DYFLON’’® bear- 
. WITHSTAND EXTREME VIBRATION id ings have a long cycle life. Alignment and installa- 
.. perfect performance under shock load conditions. tion problems are minimized. Oil-free for life 


. WILL NOT “COLD-FLOW” Rennead ‘bl int t 
..even under extreme load conditions. means lowest possibie maintenance costs. 


' _ IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS Available in a variety of plain or rod end types. 
..eliminates corrosion problems. Bore sizes to 3.000”. Materials include stainless 


. FAIL-SAFE ...due to “Monoball’® design. steel, plastic alloys and chrome alloy steels. Ulti- 


Request Engineering manual No. 551. mate static loads to 500,000 Ibs. 


1705 SO. MOUNTAIN AVE. 
SOUTHWEST PRODUCTS co. MONROVIA, CALIF. - PHONE: MURRAY 1-9616 
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fora 
million 
dollar 
MISSILE 


PROC EK 


tT 


SPRINGS. ) WIRE FORMS | STAMPINGS ' 7 Series “23” 

“LOCKWELD” 

race casters. 
37-3” 





R nincesnage a require —~ — 

tolerance needed in a satellite— 

or the economical production A Li K E yf 
necessary for a 10c toy... ” 

DUDEK & BOCK is your most A 
dependable source for springs, Fairbanks “LOCK WELD” Cast- Series “21” 

wire forms and stampings. ers are the different casters—the single 
Years of know-how quality casters without the king-pin — ball race 
control guarantee you top the casters without the major SS 

Valuable performance at lower cost. cause of caster failures. P 


FREE Fairbanks “LOCKWELD” Casters are stocked, 
BROCHURE pron sa coger ps | trcnage So sold and recommended by leading distributors in 
esa every cares all the principal cities across the nation. Call your 

\ distributor today and ask him to show you how the 

patented “LOCKWELD” Casters will save you 


maintenance and replacement costs. 


THE 
Fairbank S :oiea 


Executive Office: 393 Lafayette Street, New York 3, N. Y. 
Branches: Boston, Mass.; Chicago, III.; New York, N. Y. 


a a : S 6s me 
Go 4 W. GRAND AVE. _ ( ; Pittsburgh, Pa.; Rome, Ga. 
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| BOOK REVIEWS continued 


Call in a 


the scope of the subject and provide 
some specific useful information with- 
out attempting to include extensive 
handbook material and procedures. 
The contents include: “Shock-load- 


ing and Response Spectra,” Y C Bas 
Fung; “Measurement of Shock,” @ vrecision 
Irwin Vigness; “Concepts in Shock- 

Charles E. & balls 


testing Equipment,” 
Crede; “Response of Structural Sys- 


for expert tems to Ground Shock,” Dana Young; 2 made from 
i : “Ground Shock and Missile Re- 

advice on a sponse,” Millard V Barton. 

mechanica 

sealing... 


* 


Elementary Differential 
Equations 


LYMAN M KELLS. McGraw-Hill Book Co, 330 
W 42nd St, NY 36. 6% x 914, 318 pp. $6.25. 


Originally published in 1932, this 
popular book has seen five separate 
printings and is now considered the 
standard text in more than 200 insti- 
tutions throughout the country. This 
fifth edition has been rewritten to 
some extent and includes two signifi- 
cant additions: a chapter on Laplace Don’t let our name 
transforms and a much expanded Hartford Steel Ball confuse you. 


chapter on numerical solutions of 

differential equations. The latter ad- Yes, we make steel balls, 
dition has special importance today but more than that we have 
because it is the basis for solving dif- researched and developed other 


ferental equations on computers, precision balls, balls of a wide 
Further, problems appearing at the ; 
variety of materials, 


end of each chapter have been re- 
ID) [U) vised and new problems added. An- balls that meet the exacting 

swers to the problems appear in the new production demands. 

back of the book. Our facilities and experience are 
at your service. There are 
Hartford sales engineers in 


Dynamic Analysis of Machines Major U.S. cities and Canada. 


Sales and JOSEPH E SHIGLEY. McGraw-Hill Book Co, Inc, Let us recommend the ball for 
330 W 42 St, New York 36. 6% x 91/4, 645 pp. you before you find you 


* 





. . $7.50 
Service IS This book is a companion volume have a problem. 
Nation-wide to Professor Shigley’s KINEMATIC Our newest and most complete 
ANALYSIS OF MECHANISMS, ball catalog is a handy reference 


Mechanical sealing service 959 ’ 
: , : : published in 1959. These two books f “a . 
' : Or quick precision ball selection. 
at its best! Fifty-six trained are available separately and in a com- q P 


men working out of thirty area bined volume titled THEORY OF Just sign your name to 
offices offer wiry et in MACHINES. your company letterhead and 
mesting your sealing needs. A strong feature of the book is its address to us. A copy will be 


use of the unit vector approach from mailed promptly. 
the beginning to determine the static 


and dynamic forces in machinery. Specify 


This method is of value for analyzing : 
Dn Ea static forces and static bearing reac- "ford . 
° . ISION BA N 
DURAMETALLIC CORPORATION tions in gear trains composed of spur, — = 


helical, bevel, and worm gears. It is | 
KALAMAZOO, MICHIGAN also used for the dynamic analysis of Hartford Steel Ball Company 
47 Jefferson Ave., West Hartford, Conn. 


continued on page 347 
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MORE THAN 


50,000 
OFF-THE-SHELF GEARS 
and components are listed in 
Dynamic’s F-128 Catalog. You'll 
find Dynaco precision stock 
gears are the perfect answer 
to almost any transmission 
problem they're available 
for immediate deliveries. 























“PRECISION 
STOCK 
GEARS 








yam 











128 page Catalog F-128 
complete with drawings, 
specs. and tables for stock 
gears, differentials, slip 
clutches, gear heads, 
speed reducers and other 
components. 


For millions of precision motions .. . the world turns to Dynamic Gear 





DYNAMIC GEAR COMPANY, Inc. 


175 Dixon Avenue « Amityville, Long Island, N. Y. 
Telephone: AMityville 4-4788 . Teletype: Amityville, N. Y. 640-U 


Western Division: 8912 Sepulveda Blivd., Van Nuys, California 
P.O. Box 4156 ¢ Telephone: EMpire 2-3125 « Teletype: SNFD-4436 











SEND FOR YOUR COPY TODAY! 
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to KEEP COMPONENT Se 
COSTS DOWN! N General Purpose Hinge 
Creates Flush Surfaces 











These hinges are completely 
hidden from view when door, 
lid or hood is closed. Makes 
possible flush, absolutely 
smooth surfaces that greatly 
enhance appearance and safety. 
Tapered body sections are pre- 
cision castings of a special zinc 
base alloy having a tensile 
strength of 47,000 pounds per 


Send a 
Sample or blue print 
for estimates 


When Art Wire tackles the job, big gains in precision and 
uniformity are possible on small components . . . resulting 
in big savings in time and production costs. In addition, 
Art Wire's modern manufacturing methods produce a wide 
variety of components more economically. 

Art Wire specializes in wire forms designed for today's 
automatic production lines . . . manufactured to assure the 
economy of an uninterrupted work flow. 


ART WIRE AND STAMPING CO. 


36 Boyden Pi., Newark, N. J 
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square inch. Operates in a 180 degree arc which permits 
full opening. Laminated link construction reduces fric- 
tion and permits hinges to operate freely and smoothly. 


| Hinges are reversible and may be used right or left hand. 


Available for wood or metal application in a wide variety 
of sizes. For complete details, prices and free illustrated 
catalog, write today to 


SOSS MANUFACTURING CO., Dept. PER-20 
P. O. Box 38, Harper Station, Detroit 13, Mich. 
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WHEELS 
HUBS 


SPINDLES 


FOR AGRICULTURE 
AND INDUSTRY 


ENGINEERING 
ASSISTANCE 


QUALITY PRODUCTS 
EXCELLENT SERVICE 


YOUR INQUIRY INVITED... 
CATALOG SENT UPON REQUEST 


ELECTRIC WHEEL CO. 


Division of the Firestone Tire & Rubber Company 
Dept. WH-2 


QUINCY, ILLINOIS 
CIRCLE 748 ON READER SERVICE CARD 
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. .continued 


BOOK REVIEWS.. 


linkages, including space mechanisms, 
and to introduce momentum concepts. 

Mechanical vibrations are intro- 
duced through expanded coverage 
early in the text to fully develop the 
subject matter of dynamic analysis. 
Transients are treated thoroughly by 
the analytical method and also by 
the graphical phase-plane method. 
The phase-plane method is developed 
with unusual clarity and used very 
simply to solve many otherwise difh- 
cult problems. The usual material 
on the vibration of beams and shafts 
and Holzer’s method are included. 

Other features of this text include 
the chapters on cam dynamics and the 
highly-requested chapter on feedback 
control systems for mechanical engi- 
neers. 


* 


Rolling Contact Fatigue Life 


NASA TR R60. Thomas L Carter. Superin- 
tendent of Documents, Government Printing 
Office, Washington, DC. 8 x 1014, 48 pp. 50¢ 


A rolling-contact fatigue spin rig was 
used to evaluate the effect on rolling- 
contact fatigue life of the following 
factors: stress, forging-fiber orienta- 
tion, lubricant viscosity, lubricant-base 
stock, temperature, dry-powder lubri- 
cants, metallurgical structure, and al- 
Ball specimens of 
fs-in. dia were tested at loads 


loy composition. 
4. or 
producing maximum theoretical Hertz 
compressive 600,000 to 
750,000 psi. Results reported indicate 
that each factor studied had a definite 
effect on rolling-contact fatigue life. 
Full title: “A Study of Some Factors 
Affecting _Rolling-contact Fatigue 


Life.” 


* 
stresses Of 


= 


Analysis and Design 

of Mechanisms 

DEANE LENT. Prentice-Hall Inc, Englewood 
Cliffs, NJ. 9a x 64, 328 pp. $9.35. 

[his book is written expressly for 
those who are beginning the study 
of mechanisms as a steppingstone to 
machine design. The approach is ele- 
mentary, developing the fundamen- 
tals of displacement, velocity, and 
acceleration and applying these to 
both the analysis and design of mech- 
anisms. The author takes nothing for 
granted, always showing the reader 
“how” and telling him “why.” 


Fundamental principles are stressed 
continued on page 349 





SPHERCO 


BEARINGS 


If you have applications involv- 
ing linkage or transfer of motion, 
SPHERCO Bearings can supply 
your needs in a wide variety 
of materials with a quality that 
will give you top performance 
under normal or high tempera- 
ture conditions. 


SBG 
Series 


TR-N TRE 
TRSeries TRE Series 


Forged One-Piece 
Control Link 


WRITE FOR BULLETIN 560 


STP ETRI CG 


A PRODUCT OF 
SEALMASTER BEARING DIVISION 
STEPHENS- ADAMSON MFG. CO 


9 RIDGEWAY AVE. + AURORA, ILL. 
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EMPLOYMENT OPPORTUNITIES 








Lge it “we 


Why bother with “h 
wire rope assem 


Cut your production costs 
wit 


TRU-LOC ASSEMBLIES 


e If you are using “‘home-made”’ wire rope assem- 
blies, consider the advantages of precision-built 
TRU-LOC Assemblies. With them you can be sure 
of consistent uniformity in length, strength, flexi- 
bility and accuracy of fittings. Swaged by the 
Tru-Loc process to preformed rope of 44” to 2” 
diameter, fittings develop a strength equal to that 
of the rope itself. 

TRU-LOC Assemblies come to you complete, 
ready to use. They simplify installation and often 
cut production costs. They are neat, versatile and 
can be made with a wide choice of attachments to 
your specifications. Their per unit price may be 
lower than the cost of ‘“‘home-made” assemblies. 
You get complete assemblies at a known price and 
eliminate variables in cost and quality. Send us a 
sketch of your requirements, indicating quantity, 
and we’ll furnish a prompt quotation. 


FREE REFERENCE CATALOG 


This 28-page reference catalog 
contains photographs, engineering 
drawings and dimensions that provide 
answers to many design problems. 

To receive your copy, write us at 
Wilkes-Barre, Pennsylvania, 


ome-made” 
blies?.. 





TRU-LOC ASSEMBLIES 


Acco American Chain & Cable Company, Inc. 
Wilkes-Barre, Pa., Atlanta, Chicago (Melrose Park), Denver, 
Houston, Los Angeles, New York, Odessa, Tex., Philadelphia, 
al Pittsburgh, Portland, Ore., San Francisco, Bridgeport, Conn. 
i 


Promotes 
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CAREER 
COPPORTUNITIES IN 


ENGINEERING & 
MANUFACTURING 


eeoeerr 
ower 
oeeer 
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— 


Memory array has (upper) been produced at 
Remington Rand Univac by deposition of 
evaporated metal. Photos (lower) are taken 
in both black and white and color by Univac 
Research Engineers who have been photo- 
graphically observing for some time the do- 
main patterns in thin deposited films through 
the use of the Kerr Magneto Optic Effect. 


There's an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportun- 
ities for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 

You are invited to investigate the 
Opportunities now available at Univac, 
In addition to an attractive salary, you 
will enjoy liberal company benefits, 


Immediate Openings Include: 
PRODUCTION RESEARCH ENGINEERS 


A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition, fine wire welding, wire wrap and 
miniature connectors. This is challenging 
work in a new field and offers unprecedented 
opportunities for advancement. 


PROGRAM PLANNING ENGINEERS 
For the expansion of our PERT program 
planning effort on long range military and 
commercial projects. Prefer three or more 
years of electronic hardware or systems 
design experience in addition to association 
with PERT or critical path program planning. 

QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
contro! techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send 
resume of experience and education to: 


R. K. PATTERSON, Department BB-9 
Remington. Fland. 
hnivac. 
DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh St., St. Paul 16, Minnesota 
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BOOK REVIEWS . continued 


throughout, providing a _ thorough 
grounding in basic methods and tech- 
niques, having universal application. 
Methods of analysis are developed 
which may be applied to all mechan- 
isms, and which the reader will use 
to solve new or unfamiliar problems as 
they arise. There is minimal use of 
mathematics; graphics is used exten- 
sively wherever calculations would be 
slow or too complex. 


* 


Finite Difference Equations 
H LEVY AND F LESSMAN. Macmillan Co, 60 
Fifth Ave, NY 11. 51/2 x 81/2, 278 pp. $5.50 

The calculus of differences is of par- 
ticular interest today because it is a 
numerical method for solving trou- 
blesome differential equations on digi- 
tal computers. This book is an in- 
troduction in which the authors stress 
rather than pure 
mathematics. They begin with a re- 
view of elementary difference 
tions, interpolation and extrapolation. 
this they difference 
equations, those with constant coefh- 
cients, those with variable coefficients 
and those associated with functions of 
two variables 

A chapter on applications shows 
how the difference equation is applied 
to problems of dynamics, bending of 
vibration. Sample exer- 
cises are scattered throughout the 
text and answers given in the appen- 
dix. The British notation and term- 
inology, which is used throughout, 
will not give difficulty unless the book 
a classroom text. 


problem solving 


Opera 


l’'rom move to 


beams and 


is used as 


* 


Analog Computation in 
Engineering Design 
A E ROGERS, T W CONNOLLY. McGrow-Hill 
Book Co Inc, 330 W 42nd St, NY 36. 6% x 
9144, 450 pp. $16 

A practical text for engineers who 
wish to make the most of present 
analog computing machinery. The 
emphasis is on application of the 
rather than on their design 
The book includes an 
introduction to the general-purpose 
computer, its elements, capabilities 
and limitations; a detailed analysis of 
the kinds of problems and types of 
equations it will solve; and a study 
of many typical real problems taken 
from a variety of industries. The 

continued on page 350 


machines, 
or operation. 
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ASSURED SELF-LUBRICATING SECURITY. 


wre LUBRITE™ 
Sely- mec BEARINGS 
SPY 


Boting ee & High 
Temp Equipment 


Moteriols Handing Equipment & Refinery 
Conveyor $ Systems ng Plonts 


Peper, Food, Rubber 
4 Tenti te Machinery 


Hydro Btociric Cote Bearings 
ond Accessory Equipment 





Lubrite self-lubricating bearings offer great versa- 
tility in hundreds of fields where dependability 
and superior performance are of prime importance. 


Lubrite Bearings, with clean, permanent, 
maintenance-free self-lubrication are designed 
to withstand severe loadings. temperature ex- 
tremes, submersion. corrosion and other adverse 
conditions. 


Lubrite may be just the bearing you need in 
your designs to obtain better results. 


Consult our Engineering Department 


on your 
application. No obligation. 


Send for this free 20- 
page Lubrite Manual No 
55—it contains complete 
information, technical data 
and specifications about 
Lubrite Self-Lubricating Ex- 
pansion Plates ond Bush- 
ings. Write today! 


Available now — New Manual No. 56 
with complete technical information about 
LUBRITE SELF-LUBRICATING BUSHINGS, 
BEARINGS & WASHERS. 


Write for your copy. 





LUBRITE DIVISION 


MERRIMAN_ 8B 


199 AMORY STREET, BOSTON 30, 


SCHNORR 


DISC SPRINGS 


The Auto Union 1000 sedan distributed 
in United States by Mercedes Benz Sales, Inc. 
Division of Studebaker Packard Corp. 


SCHNORR SPRINGS PROVIDE UNLIMITED LIFE! 


Check these exctusive features: 


©® ADJUSTMENT— 
SCHNORR SPRINGS provide different pressure 
and deflection with exacting adjustment ALL 
FROM ONE SIZE 


COMPACTNESS— 


Great power is concentrated in a very smali space. 


ABSORPTION— 


Dampens impacts, and minimizes after-oscillation. 


VERSATILITY— 

SCHNORR SPRINGS can be easily adjusted to pro- 
vide a varied range of spring pressures and deflec- 
tions. The springs may also be stacked to provide 
multiple force 


SPECIALIZATION— 

SCHNORR DISC SPRINGS may be obtained in a 
variety of sizes for specialized tasks. MODEL K is 
especially adaptable to eliminate noise and play in 
ball bearings. 





Further Information and Literature on 
SCHNORR DISC SPRINGS is available from: 


Exclusive Distributor 


KARL A. NEISE, Inc. Neasaues i 


408 Park Ave. South, New York 16 © MU 3-0481 
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ROS INC 


MASSACHUSETTS 
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SOLON 
Belleville Springs and 
Compression Washers 


BELLEVILLE Springs are effective on the 
flat part of the load-deflection curve— 
where load remains constant over an ap- 
preciable deflection. Ask for Catalog A-12 
listing grades and tolerances of SOLON 
Precision Belleville Springs. 


SOLON Compression Washers are an en- 
gineered method of maintaining maxi- 
mum bolt tension and tightening to a 
specific load in a minimum of space. Ask 
for Bulletin C-12 listing standard sizes, 
loads and deflections. 


The SOLON Mfg. Company 


Center Street °* Chardon, Ohio 
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FOR THE 
WIDEST 
VARIETY 
OF 


CERAMIC 


MAGNETS 


AVAILABLE 
Call on 


STEWARD 
MANUFACTURING CO 


TYPICAL PROPERTIES 


F-310 F-510 F-610 F-620 








He Oer. 1850 2710 2850 3000 





iHe Oer. 3450 2800 3050 3650 





Br gauss 2190 3770 3025 3150 





BdHq Max. 1.03 
x 10-6 


3.3 2.10 2.5 


Representatives in Principal Cities 
For Descriptive Literature Write: 


D. M. STEWARD 


MANUFACTURING CO. 


3613 JERROME AVENUE 
CHATTANOOGA, TENN. 
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BOOK REVIEWS continued 


authors review conventional, paper- 
and-pencil solutions of problems in 
higher engineering mathematics before 
describing the computer approach to 
those problems. Of particular interest 
is the consideration of problems in- 
volving statistical phenomena and the 
special methods for solving partial- 
differential equations, algebraic equa- 
tions and nonlinear systems. The 
adjoint method is presented in practi- 
cal terms. Author Rogers is a member 
of the staff of Electronics Associates 
Inc, and Mr Connolly, now with 
Sperry Rand Corp, was previously 
employed by Electronic Associates 


* 


Advanced Structural Analysis 


S F BORG and J J GENNARO. D Van Nostrand 
Company, inc, 120 Alexander St, Princeton, 
NJ. 6x 9, 368 pp. $7.50. 

This book presents comprehensive 
analysis of structural theory and _ its 
applications. Starting with basic clas- 
sical concepts, the authors develop 
the most recent methods, including 
the principles of slab and shell anal- 
ysis, temperature analysis, torsion, and 
numerical methods. A chapter exam- 
ines a new field of rapidly increasing 
importance: the use of electronic com- 
puters to solve structural problems. 

The first four chapters present a 
detailed discussion of the _ various 
methods for determining deflections 
and for solving statically indetermi- 
nate structures. The authors then 
explore advanced topics of greatest 
interest today, including the theory 
of arches and deflection theory, nu- 
merical and approximate methods of 
analysis, torsion analysis, limit design, 
and temperature analysis. The rela- 
tion between the so-called exact meth- 
ods and the various approximate 
methods is analyzed. 


ma 


Mechanization of Motion 


LEE HARRISBERGER, assoc. prof of mechanical 
engineering, N Carolina State College. John 
Wiley & Sons, 440 Park Avenue South, New 
York 16. 61% x 9%, 363 pp. $8.50. 

Here is a book primarily intended to 
present rational procedures for the 
synthesis of mechanisms. It combines 
the fundamentals of kinematics, the 
techniques of ideation, and new tech- 
niques of analysis. This combination 
is presented as a step-by-step discus- 
sion of logical procedures. 
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eT HANE 


WHEELS 


% POLYURETHANE 
ESTOMER 


WEAR LIKE STEEL... 
PROTECT LIKE RUBBER 


Truly a wonder wheel for all rugged 
industrial applications where high ca- 
pacity and floor protection isa “must”. 
Albion’s amazing new ALaTHANE 
wheels are conservatively rated for 5 
times the service life of rubber and 
they're extremely resistant to abrasives, 
have load capacities of steel wheels, 
resist a permanent “set” under static 
loads and are impervious to practic- 
ally all chemicals, solvents, etc. 
Better yet... ALaTHANE wheels — 
or complete casters, are immediately 
available from stock in 6” to 12” 
wheel diameters with clean, machine- 
faced steel hubs and roller bearings. 
So—if you want the quiet resiliency 
and protection of rubber, the capa- 
city and lasting durability of steel, 
plus a new wheel economy... you'd 
better specify Albion’s ALaTHANE. 


Remember 
ALaTHANE 
for both wheels 
and complete 
casters! 


Write Loday for your free 
copy of the new ALaTHANE 
wheel and caster folder. 


ALBION 
INDUSTRIES, inc. 


ALBION, MICHIGAN 
CIRCLE 751 ON READER SERVICE CARD 
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FASTENING 
PN \ieomeleli ii. (cm 


MAKE THE MOST OF ANAEROBIC THREAD-SEALANT 

METAL STAKING G4 

FOR THREAD-FIT PROBEMS. . 

ADVANTAGES AND DISADVANTAGES OF STAND-OFF FASTENERS.... 
HOW TO JOIN TEFLON 

7 TYPICAL JOINT DESIGNS FOR ADHESIVE BONDING 


DESIGN ABSTRACTS Gi6 


TRENDS: 


@ New ideas will continue being introduced to keep bolts and screws from loosen- 
ing under vibration. Recent developments have included anaerobic sealants 
able to take high torques, and several new types of self-locking screws. While 
there are no new “inventions” expected in fasteners, miniaturization is giving 
impetus to the development of new types. 

The trend toward bolts with shallower threads is also one that will continue: 
one manufacturer already has successfully applied threads with a depth of only 
55% of theoretical (standard is 833%) with greatly increased fatigue strength 
and no loss in stripping strength. This thread requires slightly larger internal 
threads, but is a small price to pay for the advantages. Look for wider use of 
this new thread in bolts of all types and materials. 

Adhesive bonding is worth watching for. It will be employed to an increasing 
extent. Formerly used mostly in aircraft and missile applications, the adhesives 
are finding jobs in many common products. Today’s adhesives develop high 
strength, and are able to withstand over 500 F. Because stresses are evenly 
distributed by this method, adhesive bonding offers real advantages in bonding 
new high-strength but brittle materials. * 
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From: Company literature 
make the most of... 


ANAEROBIC 
THREAD-SEALANT 


Examples of what this unusual type of hardenable-liquid 
sealant can do, together with hints on how to apply it. 











Adjusting-screw torque-control Water seal 


Fasten gear to shaft 

















Replace press fit either on inner or ovteP Hardened sleeve on shaft 
races of ball bearing 


Pipe seal 














Small electric-motor armature Stepped tube 








1. 


. SOME APPLICATIONS of Loctite sealant. Hardening strength in 6 hrs. Total cure takes 24 hrs at 72 F; at 212 F 


of the liquid starts in 10 mins, has developed 50% of final hardening is complete in 15 mins. 
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This liquid sealant sets to various grades of hardness in the 
absence of oxygen. Although there are military standards 
covering this type of sealant there is, according to the 
American Sealant Co who developed it, only one kind of 
this particular sealant available. Tradenamed Loctite, it 
is a penetrating liquid polymer that hardens only after 
being confined between closely fitted metal parts. Catalytic 
action of the metal surfaces, together with the absence of 
air, is sufficient to harden the liquid into a strong heat- 
and oil-resistant bond. The superpenetrating properties of 
the liquid insures that all voids between metal surfaces will 


FASTENING AND JOINING Ge 


be filled—even at 0.01 in. clearance for the more viscous 
grades. 

The polymer is intended for shear rather than tensile 
stresses. It is available in 5 strengths. Grade AA has the 
highest shear strength—1500 psi—and is best used as a 
substitute for press fits such as between a ball-bearing race 
and shaft; grade H has a shear strength of 100 psi. It is 
frequently used on adjusting screws to provide sufficient 
torque to prevent vibration from changing the setting, 
while allowing easy adjustment without the need of spring 
friction-clips. * 














Parts and sealant are mixed in bag or 
tumbled in barrel. 











aut! 


Standard paste-dispenser has sponge kept 
moist by sealant. 


= 
a 
7 
— 


Vt 








Squeeze tube or bottle, 


from reservoir. 





Flexible polyethylene tube lets drops of 
sealant be placed easily at points remote 


SV 


Capillary-tube applicator releases drop 
precisely, or could be eye-dropper-type 
tube with suction bulb. 








2.. SOME SUGGESTED METHODS of applying the seal- 
ant to the job. Take care to prevent the liquid from getting 
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into locations where trouble would be caused when the 
sealant sets into its fully hardened state. 
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Koa FASTENING AND JOINING 


From: Technical Memorandum 


For joining metal parts, staking offers a low-cost, reliable method. 


Here’s a rundown on the tools, methods and applications of ... 


-.-- METAL STAKING 





1..SHAFT staked to plate 


Spot stoking 





Prote 





DF es Stoke 


+—— Bushing 











staked to bushing 


Deformation of material by staking tools generally is 
used to secure one metal part to another metal or non- 
metal part. It does this by forcing the metal edge of 
one member to flow either inward or outward around the 
other part to effect a holding fit. Ring staking, Fig 1, 
is the process of deforming material in a circle or ring, as 
in staking a shaft to a plate. Spot staking, Fig 2, is 
based on the same principle but here the operation is 
confined to three or more equally spaced areas around the 
piece. Press-fit staking is performed by pressing one part 
into the mating hole of another with an interference fit 
of from one ten-thousandth to several thousandths of an 
inch, the degree of interference depending on the materials 
and other design considerations. 


Tools 


Special tools normally are needed for staking operations. 
Standardized tvpes may be procured from jeweler supply 
houses. They are generally provided in sets which consist 
of several dozen punches, reamers, stumps, a hammer, and 
either a frame or arbor press. Each type of tool comes in 
a range of sizes which enable the operator to execute 
nearly any tvpe of staking operation desired. The hammer 


Stoking tool punch 


Die plote 





Supporting fixture 


3..HAMMER-OPERATED staking punch 
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has soft tips of brass and plastic. Some of the more com- 
mon punches and stumps are shown below: 


Methods 


There are two methods of producing a stake. In one of 
these the work is placed on the anvil of a supporting fixture 
die plate, and the staking punch is placed in the arm of 
the fixture, Fig 3. After the punch and the work are 
properly aligned, the punch is struck with a hammer to 
produce a stake. 

In the other method the work is positioned in the same 
manner as above, but the staking punch is placed in the 
ram of a press. The press may be a modification of the 
fixture pictured in Fig 3, in which case a lever is attached 
to the arm of the fixture so that it makes contact with the 
top of the punch. The fixture now becomes a hand- 
operated arbor press, which is generally used to press-fit 
shafts or bushings into holes, or to drive punches where 
the depth of the stake must be precise, Fig 4. 

The standard arbor press for staking work has a microm- 
eter attachment to permit greater control of staking depth. 
A hammer is used to drive a punch when it is important 
to apply a maximum amount of pressure for a minimum 
period of time. 

Hydraulic, air, and electrically operated presses also serve 
to drive staking punches. The method selected depends 
on type of stake desired, size of the punch, and the material 
of which the work is composed. 

In staking the edge of a metal plate to a stud or shaft 
pressed into a hole in the plate, the stud or shaft is usually 
serrated or knurled to increase its resistivity to movement. 
This method is used extensively for fastening brass, alumi- 
num, and zinc parts to other parts made of harder metals. 


Flat-faced hollow punch, hole 
diameters from 0/3 to 235mm 


Flot-foced solid punch, end 
diameters O.8/ to 425 mm 


Toper mouth closing punch, 
hole diameters 04/ to /70mm 


Roller stoking punch, hole 
diameters O6/ to 32mm 


Stor punch 


Rivet punch 


Screw knocking punch, end 
diameters 064 to 158 mm 


Special considerations 


Probably the most important consideration in staking 
is that the work be performed by a skilled operator. ‘Train- 
ing in the proper use of all types of staking equipment 
is necessary for a person to do satisfactory work. A good 
stake can be produced only when the tools are positioned 


Prick punch 


FRound-foce hollow punch, 
hole diameters 0/3 to 235 mm 


found-foced solid punch, 
end diameters O&/ to 4.26 mm 


LOTION TEE EY 


Driving punch 


ENG: 


Solid-foce stump 


Hollow- foce stump 


cal 


4..HAND-OPERATED staking punch 
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correctly with respect to the work and when the right 
amount of pressure is applied to the punch with the right 
speed. It is also necessary that the operator be provided 
with the proper equipment and with clear and complete 
instructions in the drawings or other specifications. 

Also important is holding specified tolerances on dimen- 
sions locating the parts, or features of parts, affected by the 
Uy stake. For example, in staking a pin that has been pressed 

into a hole in a plate, great care must be taken to keep the 
kang, SO Paes hole and pin location, and the perpendicularity of the pin 
Work to the plate, within specified tolerance limits. If good 
staking procedure is followed, extremely tight tolerances 
vee the gees lke eg teagan can be held in any application. 


make electrical contact points in material 











uch as beryllium copper 


Strength of stake 

Ihe quality of a stake can be judged by: observing 
whether permanent metal deformation has taken place 
without fracture, checking dimensions of features of parts 
affected by the stake to determine whether they have been 
held within specified tolerance limits, determining that 
there is sufficient resistivity to movement of joined parts. 

In designing parts to be joined by a staking process, the 
engineer should consider the following: Connection must 

\ Kr aN NS have strength to satisfactorily resist movement under ap- 

plied loads, alloys to be joined must be ductile and possess 
\ wes good cold-working characteristics, alloys must be hard 

: enough to permit annealing of the stake without its 
ee eS ee strength being decreased to the failure point (this applies 
en ae ee een See particularly to some copper alloys which tend to self-anneal 
at ambient temperatures). 

Any metal that can be cold-worked can be successfully 
staked. Metals are most easily staked when they are in a 
fully annealed condition. In this condition, tolerances 
between parts being joined are easier to hold. To obtain 


=~ Punch 

















holes so they can be reamed out round. 








—_— 








1 [ J 
a \ Work 





PUNCHING HOLES in light sheetmetal or in- 


ilation material to make shims and insula- 

















tion disks or washers 








bn Work 


Reamer STRAIGHTENING a bent shaft or wheel. 





1 = 





—- Work 








FLARING OUT the end of a 
SIZING A HOLE for the pressing-in of threaded stud to prevent disas- 


jewels or bearings. sembly of a nut. —— 


STRENGHTENING METAL, such as a leaf 
spring, by striking the critical area with a 
solid-faced punch. 
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the strength and permanency desired in a joint, however, 
it is normally preferable to stake those alloys that have good 
strength along with high ductility. 

Work hardening is another characteristic of metal which 
affects the staking process. This phenomenon usually 
requires making a stake with a single blow of the punch. 

Most staking is performed on metal at room tempera- 
ture. However, metal is sometimes staked at higher tem- 
peratures where it is weaker and more ductile. In a 
properly designed assembly, staking at elevated tempera 
tures of two metals with different coefhicients of expansion 
will produce a tighter fit than when staking at room tem- 
perature. The design would have to be tested for low- 
temperature operation, however, to determine whether 
further contraction would cause the stake to fail because 
of the generation of greater thermal stresses. 

The characteristic of natural age hardening (aging at 
room temperature) makes one particular family of metals 
well adapted to staking. These are some aluminum alloys, 
in which the strength of a staked joint increases as the 
metal hardens at ambient temperature. ‘The staking opera- 
tion is performed with the metal in the solution-aged 
condition. After staking, the metal reaches full strength 
due to age hardening in about 20 to 40 hours 


Practical Applications 


There are many possibilities for the application of stak- 
ing, especially on miniaturized components. However, 


few applications have been described in technical publica- 
tions on manufacturing processes and assembly methods. 
The techniques have been developed by watch manufac- 
turers and craftsmen who have found that staking is the 


Stoking rings 














Registering 


Stop Se LZ TT 














SECURING OF PRESS-FIT PARTS, such as 


pins or bushings, in plates or wheel 




















LOCKING A NUT in place on a threaded stud 
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Collet 


Vs 


| 











A 











| 


Spring 





SECURING THE COIL of a 


collet. 








‘ork 


PRODUCING A FRICTION FIT between a tube 


and a pin or wire inserted into i 




















SECURING OF POINTER to shaft in indicat- 
ing gage. 


Commutotor 


SECURING THE COMMUTATOR ito the shaft 


in electric motors. 
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fi 














Pinion 














Plot 





A 
Bw 


PRESSING A PINION into a plate. FASTENING A STUD to a structure 


(material staked into groove of stud). 


—a—_ =. 
Work 























7 Gearing 




















X Plate 


attened 
PRESSING A BEARING into a plate. HOLLOW TUBULAR SECTION flatten 
with mallet holds parts together. 





) . a iil 4 
KNURLED THUMB SCREW prevented 


from backing off threaded member by 





FASTENING INSERT to structure. (Structure staking. 


ring staked so that material is displaced into groove 


of insert.) 


Punch 


Stoke 








FASTENING OF TWO DETAILS so constructed as to 
enable staking method to be used. SPRING MEMBER secured to structure. 


best means of joining small parts in a limited space. The REFERENCE 

same tools and methods used in watchmaking can be used 

to assemble miniaturized dev ICES. “The Staking Method of Deforming Metals and Joining Parts,” 
Some of the uses of staking tools are illustrated here by R. P. Lewis, Sandia Corp, Albuquerque, NM. Technical 

and on the preceding two pages. Memorandum SCTM 376-59 (25). 
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From: Company manual 


FOR THREAD-FIT PROBLEMS— 


go troubleshooting with this table of common 
symptoms and detection methods. 


size for the thread to be checked. The 


The most significant diameter of a 
screw thread is its pitch diameter. To 
accurately measure this diameter re 
quires two gages. One gage measures 
the effect of pitch-diameter variation 
over a length of engagement (virtual 
diameter). This ensures against ex- 
ceeding the maximum limits. The 
other gage measures true pitch-diame- 


tive diameter) and ensures that the 
minimum threads are not exceeded. 
Measure high limit with an indicat- 
ing functional tri-roll—it indicates not 
only whether a piece is good or bad, 
but also where it lies in the tolerance 
range to the nearest 0.0001 in. Meas- 
ure low limit with an indicating tri- 
roll gage, utilizing radius ribbed rolls. 
Rib radii are formed to the best wire 


gage is designed to measure pure pitch 
diameter only over a single thread. 
This eliminates threads that are under 
size and out of tolerance. 
REFERENCE: 

“Screw Thread Metrology,” published in 
Unbako Socket Screw Engineering Stand- 
ards Manual. Standard Pressed Steel Co, 
Jenkintown, Penna. 


ter over a single thread (simple effec- 


COMMON SYMPTOMS AND DETECTION OF THREAD-FIT PROBLEMS 





Accuracy 
Direct reading to: (in.) 


Problem Possible cause Detection 


External thread PD is too low 
Internal hole is oversize 
Tapered threads 

Incorrect preload 


0.0001 


a, ¢ Measure pitch dia. on tri-rolls 
0.0001 


a, ¢ Check major dia. with micrometer or supermike 
b, c Check tapped hole with thread plug gage or 
Bryant gage 
b Check minor dia. with plain plug 
d Check proper installation 


Bolts loosen in 
tapped hole 


0.0001 
Plus functional gage fit 


Binding in a a PD or major diameter oversize 
tapped hole b Excessive lead error 

c Improper thread form 

d Tapered thread 


0.0001 

0.0001 

0.00001 
Magnification to 100X 
Magnification to 100X 


a, ¢, d Measure PD on tri-roll set up (PD & functional) 
a, d Check major dia. with micrometer or supermike 
b Check lead on lead tester 
¢, d Thread form and lead by optical comparator 
c Use of form and radii charts 


Thread will not a Distorted lead thread 
start b Nicked lead thread 
¢ Mating parts not same class or size of thread 


a Check on optical comparator Magnification to 100X 
a Check with ring thread—also visual Functional Check 
b Visual check and use of ring thread Functional Check 
b Use of microscope 40X 
¢ Use of magna gage (plating), tri-roll 
Bryant gages 0.0001 


0.0001 

0.0001 
Functional Check 
Functional Check 
0.0001 


a, d Use of PD & functional tri-roll 
b, d Bryant gages 
b Ring thread and thread plug gages 
¢ Thread plugs—Bryant gages 
¢ Three-wire check with mold of tapped hole 


a Undersize PD 

b Mating parts not same class or size of thread 
c PD of tapped hole is oversize 

d Tapered thread 


Loose or 
sloppy fit 


in, Oz. 
Functional Check 

0.0001 
0.00001 


a Use of torque wrench and standard stud 
a Use of thread plug gage 

b Use of PD and functional tri-roll 

b Three wire check 


a Locking feature of nut won't meet torque 
requirements (on standard studs) 
b PD of bolt is undersize 


Low torque 
when used 
with locknut 


in, Oz. 
Functional Check 
0.0001 
0.00001 
Visual 


a Use of torque wrench and standard stud 
a Use of thread plug gage 

b Use of PD and functional tri-roll 

b Three wire check 

c Visual inspection 


a Locking feature of nut won't meet torque 
requirements (on standard studs) 

b PD of bolt is oversize 

¢ Lack of lubricant on locknut 


Excessive torque 
when used 
with locknut 


Galling threads a Microscope check 40X 
a Use of ring thread Functional Check 
b Use of lead tester 0.00001 
b Optical comparator 100X 
c, e Chemical test (etching) {To magnify laps) 
¢ Magna gage 0.0001 
d Use of profilometer 1 microinch 
d, e Use of microscope 40X 


ao Burrs 

b Excessive lead errors 

¢ Materials prone to galling—not properly plated 
d Poor surface finish on threads 

e Lapped threads 
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From: Company Bulletin 


ADVANTAGES and DISADVANTAGES 


of STAND-OFF FASTENERS 


Tabulated facts about the most common types of stand-off fasteners 


from clips to self-locking fasteners. 


A T LUNDGREN, vice president 


Western Sky Industries, Cal 


GENERAL TYPE ° 


ADVANTAGES 


Easy to fabricate 
Low initial cost 


REFERENCE 
“What You Should Know About Stand 


> 


Off Fasteners,” p 3, published by Western 
Sky Industries, Hayward, Calif 


DISADVANTAGES 


Easily bent and broken 

Easily twisted 

Rivets loosen 

High replacement cost 

Often requires extensive 
rework in final 
assembly station 





ANGLES (bulb) 


Good rigidity 


Structural tie-ins 
are difficult 
Costly to fabricate 
Bevels, holes, etc. 

Material waste 


nstallation 





BRACKETS 


High rigidity 


Take up space 

Costly to fabricate 

Need tooling 

No flexibility or 
adaptability at 
structural tie-in 

Installation of 
attachments limited 


Most expensive 
Difficult to align 





DIRECT TO STRUCTURE 
BY BOLT OR RIVETS 


No tooling required 
Drill holes only 


Allows no flexibility for 
later engineering changes 
Swiss-cheese effect 
in structure 


High because of workino 
n close quarters usually 
Difficult to attach 


tallations 





PRESSED-STEEL 
FASTENERS 








Cheop in large quantities 
light 





Magnetic 

Few lengths 

limited use 

locking device consists 
of squashed thread 

Low. loads 

Dissimilar materials 
can cause electrolytic 
action 
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GENERAL TYPE 


FORGED 
ALUMINUM 
(Krepelka type) 
STAND-OFF 
FASTENERS 


Ne 


ADVANTAGES 


Toke iittle room 

Very strong and rigid 

Many lengths from 
0 to 3 in, 

Good locking effect 

Easy to align 

Non-corrosive 

Non-electrolytic 

Con be bonded — 
large surface area 

May be used over 
ond over 


FASTENING AND JOINING 


DISADVANTAGES 


First cost slightly 
higher 


INSTALLATION COSTS 


Lowest in group when 
considering all cost 
factors 

Can be spaced further 


apart 





IMPACT-EXTRUDED 
ALUMINUM FASTENERS 


Oo 





Short bolt 
Low first cost — one piece 
Light weight 
Good locking device 
Does not require 

bolt clearance 

hole through 

primary structure 
May be used over 

and over 


Not quite as strong as 
forged fastener, but 
considerably stronger 
than others 





NUTPLATE AND TUBE 























Ligh! weight 


Needs tong bolt 

Requires bolt clearance 
hole in primary structure, 
reducing strength and 
cross sectional area 

Three pieces to handle 


High 
Usually needs two men 
to install 


Difficult to align 





BRAZED STEEL 




















Light weight 
Relatively cheap 


Magnetic 
locking device, 
i.e. Squashed thread 
— poor 
Not reliable if 
strength is required 
Thread easily domaged 





NYLON RATTAILS 





Light weight 
Cheap 


Not reliable if carrying 
vibratory loads 

Moteriol subject to cold 
flow 

Not reusable 

















Light weight 
Relotively cheap 





Doubtful reliability 

Material subject to 
cold flow 

Reploced by stond-off 
forged fastener 
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From: Literature Survey 


Here’s an up-to-date rundown on the various methods and 
materials that can be of aid when design poses the question 


HOW TO JOIN TEFLON? 


The exceptional antistick character- 
istics of Teflon fluorocarbon resins 
were long an obstacle to the proper 
utilization of their other outstanding 
properties such as inertness to chemi- 
cals, high thermal resistance, high di- 
electric constant and low coefficient 
of friction. The principal problem 


— "1 . 


3 ye : . 4 


tte 
é 
7 rm 
tt 
as 


was how to attach these fluorocarbon 
resins to the materials they were to 
complement. 

Designers first used mechanical 
methods, some of which are still en- 
tirely adequate, but continuing re- 
search and innovation over the years 
now give the end user considerable 


Af 4 ‘. 


f 





ONE MECHANICAL METHOD of joining Teflon is known as spin welding. 
induced heat melts the two rubbing surfaces of the material. 


Friction- 
Inset is shown the best 


configuration for cylindrical parts that are to be spin welded. 
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selection in this area. Two of the 
more recent developments are spin 
welding, a friction-heat technique for 
joining two articles made of Teflon 
100 fluorethylenepropylene resin, and 
metal plating, a process not yet fully 
commercial. In the latter, electroform- 
able metals are adhered directly to any 
shape article made of Teflon. Metal- 
ized surfaces that are produced can be 
machined or soldered. 

A list of other recognized methods, 
some of which are the subject of 
patents, follows: 


MECHANICAL 

Fasteners. Clamps, screws, etc. 

Design techniques. Overlapping, 
keying, tongue and groove, etc. 

Molding. Extruded tubes of Teflon 
fluorocarbon resins can be heat-shrunk 
onto other articles. Also, this plastic 
can be compression-molded on or 
around metal inserts of forms. 


Induction heating as a_post-treat- 
ment can be used to strengthen the 
bond in all of these processes. 


SURFACE TREATMENT 

Chemical etching. This uses special 
chemicals to etch the surface. Fluo- 
rine atoms are presumably extracted 
to leave a carbonaceous surface upon 
which an adhesive can form a bond. 

Radiation grafting. Consists of 
chemically bonding a different resin, 
one that accepts adhesives well, to the 
surface of the Teflon resin. Irradiation 
initiates graft-polymerization to estab- 
lish the bond. 

Surface oxides. Oxides of such ma- 
terials as titanium or silicon deposited 
on Teflon result in a bondable sur- 
face. (TiCl, or SiC], react with sur- 
face moisture.) 

Colloidal silica. Fine silica particles 
are implanted in Teflon by means of 
heat, mechanically altering the sur- 
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face to produce a rough or sandpaper- 
type texture to which adhesives or pot- 
ting compounds will adhere. 


FILMS 


Films made of Teflon 100 FEP 
resin can be_heat-sealed—required 
temperatures: 650 to 700 F—to other 
articles (sheets, films, shapes, etc.) 
made of either Teflon TFE or FEP 
resins. They can also be used as a 
bonding agent between two articles 
made of TFE (tetrafluorethylene). 
They can be bonded under heat and 
low pressure to metals, including 
sheets and foils, and high-temperature 
fabrics of glass and asbestos. 


Dispersions. Coatings containing a 
Teflon resin in a bonding agent are 
sprayed, brushed or otherwise applied 
onto articles other than those requir- 
ing Teflon as an insulating agent. 
Some such coatings dry at room tem- 
perature, others require curing for 
short periods at temperatures of about 
300 F. Best for articles too large 
for the average sintering-oven in the 
enamel-coating process. 


Fabrics and cloths woven or knitted 
from yarns made of Teflon fibers or 
impregnated with a Teflon resin can 
be readily adhered to other surfaces, 
some with standard adhesives. 


Laminates of paper, canvas, cotton, 
synthetic and glass fabrics, etc., with 
sheet or film of a Teflon resin or metal 
foils coated with it, can be mechani- 
cally attached or fastened with adhe- 
sives to other surfaces. Teflon resins 
bonded to rubber sheeting are used for 
rollers; the rubber backing imparts a 
resiliency not offered by other ma- 
terials. 


TAPES 


These specialized tapes come in a 
variety of widths and colors, some of 
them capable of accepting inks and 
varnishes. One of the simplest meth- 
ods of applying Teflon resins, these 
tape variations include: 


Plain tape—must be held in place 
by mechanical pressure or bonded to 
itself by heat curing. 


Pressure-sensitive tape—with either 
or both surfaces chemically treated for 
use with adhesives, or with either or 
both surfaces already bearing an adhe- 
sive suitable for Teflon. 
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Glass fiber cloth tapes impregnated 
with Teflon resin. 

Cast-film tape bearing an outer 
layer of unsintered Teflon resin, which 
can be wrapped against itself and 
bonded later by sintering. 

Cast-film tape containing extremely 
thin sections of high-temperature fill- 
ers receptive to thermosetting treat- 
ment or pressure-sensitive adhesives. 


MISCELLANEOUS 
Fluidized bed coating involves the 


cle, heated to 650 F, into a container 
of powdered Teflon 100 FEP resin. 
Powdered FEP can also be sprayed 
onto an article heated to the right 
degree. 

Enamel coating. Enamels made 
from Teflon include one for insulat- 
ing electrical systems and another for 
general finishes. They are usually 
sprayed in successive thin layers onto 
metals or other materials capable of 
withstanding the 750-F temperature 
of the sintering process that follows 


dipping of a component part or arti- 








Partial List of Supply Sources 


“Temp-R-Tape,” product of Connecticut Hard Rubber Co, to 
whom is assigned US Patent 2,824,026. It is available from Con- 
necticut Hard Rubber with pressure-sensitive silicone adhesive 
applied. This adhesive can be heat-cured to peel strengths about 
3 to 5 times that of pressure-sensitive types. Nonadhesive-coated 
type requires special order. Tape widths up to 12 in., thicknesses 
of 0.006 and 0.0013 in. For additional details contact Connecticut 
Hard Rubber Co, 407 East Street, New Haven 9, Conn. 


“Chemelec” bondable sheet, product of Garlock Manufacturing 
Corp, US Gasket Div, to whom is assigned US Patent 2,728,698. 
The product is a molded sheet with one side porous, the other 
impervious. 


“Armalon” 405A-116SC and 508-128SC, products of E | du 
Pont de Nemours & Co, Fabrics and Finishes Department. Glass 
cloth, one side of which is coated with 0.0015 to 0.002-in. thickness 
of TFE-fluorocarbon resin. Armalon 405A-116SC is 0.005 in., 
508-128SC is 0.008 in. in over-all thickness. The exposed glass- 
cloth side is readily cementable, using standard adhesives. Bond 
strengths are probably comparable to numbers 3 and 4. 


Enamels of Teflon are also available from DuPont, Fabrics and 
Finishes Department. Coatings are applied about 0.001 in. at a 
time. Primers for aluminum and steel are available. Each coat 
is sintered separately at high temperature. Use of custom applica- 
tors is recommended. Properly applied, the bond is excellent. 


Teflon tape coated with enamel of Teflon. This product is avail- 
able from Korite Inc, 160 Georgia Avenue, Providence, RI. One 
side of the tape is specially coated to improve the bond strength 
on subsequent cementing. 


Chemical etching treatments. Tape of TFE-fluorocarbon resin 
which has been prepared for bonding by a chemical treatment of 
the surface is available from Minnesota Mining and Manvufactur- 
ing Co, St Paul, holder of US Patent 2,789,063. This tape is 
normally supplied by 3M with pressure-sensitive adhesive already 
applied, though it is available on special order without the 
adhesive. The product attains high bond strengths. However, 
the etched surface is sensitive to light and some chemicals. The 
company can supply additional information on properties and 
sources. 








each application of enamel. « 
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From: Company Bulletin 


7 typical joint designs tor ADHESIVE BONDING 


How structural members are best fastened with lap, angle, butt, 


stiffener and other joints. 


Bt is best to design joints for tensile- or shear-loading 
conditions. In these types of joints, stress is distributed 
uniformly over the entire area, the entire bonded area is 
under equal stress at the same moment, and all of the 
idhesive contributes to the strength of the joint. 

In a peel- or cleavage-loaded joint the stress is confined 
to only a small portion of the adhesive. Only a fraction 
of the total bonded areas is being used, and less adhesive 
is contributing to joint strength. 

Ilowever, a joint will be rarely subjected to only onc 
stress. In practice, a combination of different stresses 
or distortion of adherents will introduce secondary stresses. 
In these cases, the geometry of the joint is designed for 
maximum strength. 

The following are tvpical joint designs for achieving 


maximum strength 
Lap joints 


The shear or lap joint is the joint most generally en- 
Most bonding applications involve thin-gagc 
metal, which is difficult to join by means other than lap 
joints. Also, lap joints are practical and applicable. 


countered 


Beveled single-lap joint is more efficient than a simple 
lap joint The beveled edge allows bending of the joint 
edge when distortion occurs under stress. 

Double-butt lap joint places the adhesive line in the 
same plane as the shear stress on the adherents. This 
tvpe of joint requires machining, which is not always 
feasible with thin-gage metals. 

Joggle lap joint is the most practical. It places the 
adhesive line in the same plane as the shear stress on the 
adherents. In this kind of joint, application of pressure 
for curing is easily accomplished and the joint can be 
formed by simple metal-forming operations. 


Angle joints 


Angular joints give rise to either peel or cleavage stresses, 
depending on the gage metal used. Typical approaches 
to the reduction of cleavage are illustrated. 


Butt joints 


\ straight butt joint is weak in cleavage. Recessed butt 


joints are recommended. Landed scarf tongue and groove 
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joints act as stops which could be utilized to control 
adhesive-line thickness. Scarf tongue and groove arc 
self-aligning and are assembled easily. 


Stiffener joints 


When thin sheets with adhesive-bonded stiffener-joints 
deflect, peel stresses are exerted on the adhesive. If the 
flanges on the stiffening section can deflect with the 
sheet, minimum difficulty from peel will result. Either 
increasing the stiffness of the sheet or decreasing the 
stiffness of the flange on the stiffened section will result 
in improvement. Several types of stiffening members such 
as ‘T-sections, hat sections, and corrugated backing arc 
used. ‘I-sections are simple. Hat sections are more com 
monly used and have excellent rigidity. Corrugated back 
ing results in excellent flatness over the entire area. 


Corner joints—sheet metal 


The adhesive bonding of corners of light-gage sheet- 
metal or cored sandwich pancls can be done with some 
joint redesign. Supplementary corner-reinforcement at- 
tachments allow adhesive bonding and also seal the joint 
I'vpical designs are slip and right-angle joints. These 

| ~ | S pie) 
joints also give the resulting structure an increased degree 


of rigidity. 
Corner joints—rigid members 


Corner joints such as used in storm doors or decorative 
frames can be adhesive bonded. ‘To make available the 
required bonding area to resist inherent racking or twist- 
ing stresses end lap, mortise and tenon and mitered joint 
with spline are utilized. End lap joints are simple, but 
require machining. Mortise and tenon are excellent 
joints, but also require machining. Mitered joint with 
spline should be considered if members are hollow ex- 
trusions. 


Cylindrical slip joints 


The T-joint and the overlap joint are two recommended 
joints for bonding all available contact area, thus increas- 
ing the strength of the joint. Adhesives also provide a 
better appearing joint an deliminate distortion caused by 
high welding temperatures. 
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Corrugated backing 
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D. Stiffener joints 











Vortise and tenon 


Corner joints-sheetmetal 





F Corner joints-rigid members 
































REFERENCE: 
“Typical Joint Designs for Structural Bonding,” published in 

Adhesives Horizons No 1, Minnesota Mining and Manufacturing G. Cylindrical joints 

Co, St Paul 6, Minn. 
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LOOSENING OF BOLTED JOINTS 


Formulas are derived for several 
cases of loosening of bolted joints 
caused by stresses in excess of elastic 
limits and accompanying permancnt 
deformations. It is shown that loosen- 
ing occurs during the initial applica- 
tion of an external force, but that 
subsequent repetitions of the same 
force cause no further loosening. Ex- 
ternal impact loads, which require a 
definite energy absorption of the joint, 
result in loosening upon both the in- 
itial load application and later repeti- 
tions. The effects of initial tightening, 
gaskets, and spring washers are investi- 
gated. Loosening under moderate 
loads mav be completely avoided if the 
initial bolt tension does not exceed a 
certain maximum value. 
unavoidable under extremely high 
loads, but the amount of loosening 


Loosening is 


can be decreased by use of higher in- 
Illustrative 
mental data are reported. 


itial tensions. experi- 


Loosening of Bolted Joints by Small Plastic 
Deformations,’ by O. A. Pringle, Associate Pro- 
fessor of Mechanical Engineering, University of 
Missouri. ASME, 29 West 39th Street, New 
York 18, NY. Paper No. 60-WA-116. 


* 


Thread quality 


With a simple setup, the accuracy 
of screw threads can be quickly 
checked. The methods described by 
the author are used to make sure that 
threads conform to the rigid specifica- 
tions established by the Federal gov- 
ernment for Space-Age applications. 
“Determining Thread Quality by Differential 
Gaging,” by Russell V. Johnson, The Johnson 
Gage Co, Bloomfield, Conn. The Tool Engineer, 


239 E. Chicago St, Milwaukee, Wisconsin. July 
1960. 


Inspecting taper threads 


A new technique for inspecting 
taper threads was developed recently 
for application on the rotary-shoul- 
dered connections of tool joints used 
in drill pipe for oil-well drilling. This 
technique also can be employed for 
inspecting taper threads for other ap- 


366 


plications and for cylindrical threads, 
which can be considered as _ taper 
threads having a taper equal to zero. 
The technique described provides 
a reasonably fast and accurate method 
for simultaneous and continuous de- 
termination of all clement errors, ex- 
cept on profiles, and of the over-all 
geometric shape of the threads. The 
thread profiles must be inspected sep- 
arately. 
“Inspecting Taper Threacis—A New Technique,’ 
by A. A. Mittenbergs and Ned Rodgers. Me- 


chanical Engineering, 20th and Northampton 
Streets, Easton, Pennsylvania. August, 1960. 


* 


Utrasonic welding of aluminum 
This paper briefly covers the de- 
velopment of ultrasonic welding, the 
tvpes of welding equipment available, 
and in some detail the operation of 
an ultrasonic welder. Greater em- 
phasis is given to new uses of ultra- 
sonic welding in structural applica- 
tions such as automobile, aircraft, and 
missile construction, in electrical ap- 
plications and in fabrication of con 
sumer products. Also briefly covered 
are some of the problems of ultra- 
sonic welding and the related research 
work currently being pursued. 
“Applications for Ultrasonic Welding of Alu- 
minum,” by J. R. Terrill, F. R. Collins and J. D. 
Dowd, Aluminum Company of America. ASME, 


29 West 39th Street, New York 18, NY. Paper 
No. 60-WA-322. 


Carbon-dioxide welding 

This paper describes the applica- 
tion of carbon-dioxide welding to the 
construction of large radio towers fab- 
ricated for the Navy. The unique fea- 
ture of the operation was the applica- 
tion of the CO, process to the 
welding of heavy low-alloy plates up to 
1 in. thick to solid rounds varying in 
diameter from 6 to 11 in. Also in- 
cluded are other details relating to the 
construction of the towers. Special at- 
tention is given to the procedure that 
led to the selection of the CO, process 
for welding the 1-in. plates and to the 





tooling for shop welding. Production 
experience established that CO, weld- 
ing was an economic, efficient and 
satisfactory solution to the unique 
problems encountered in this project. 
“Carbon-Dioxide Welding of Heavy Sections 
for Radio Towers,” by G. D. Ries, Electrome- 
chanical Research Center, and J. Myers, Trus- 
con Division, Republic Steel Corp. Welding 
Journal, 20th and Northampton Streets, Easton, 
Pennsylvania. July, 1960. 


* 


Changes in washers 


The 1960 assembly specification in- 
troduces two major changes in the 
use of hardened washers with high- 
strength bolts. The size of the cir- 
cular washer has been reduced, and 
elimination of one washer is permitted 
under certain circumstances. Hard- 
ened washers have been required un- 
der the bolt head and nut of high- 
strength bolts since their inception. 
“Why Changes Were Made in Hardened Wash- 


ers, Fasteners, 1517 Terminal Tower, Cleve- 
land 13, Ohio. Fall-Winter, 1960. 


* 


Screw fastening of aluminum 
The types of screw fasteners that 
can be used with aluminum are no 
different from those used on other 
metals. The purpose of this book 
is not to provide a complete listing of 
every screw fastener, but to describe 
the more important types of threaded 
joining devices in use today. Omis- 
sion of any particular make or design 
of fastener results from space limita- 
tions. 
“Screw Fastening of Aluminum”, Reynolds 
Metals Company, Richmond, Va. 


* 


Percussion welding 


Percussion welding, as defined by 
the American Welding Society, is “a 
resistance-welding process wherein 
coalescence is produced simultaneously 
over the entire area of abutting sur- 
faces by heat obtained from an arc 
produced by a rapid discharge of elec- 
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trical energy, with force percussively 
applied during or immediately fol- 
lowing the electrical discharge.” 

Applications of this process vary in: 
Type of power supply, method of in- 
itiating the arc, and method of pro- 
ducing the welding force. 

This paper deals primarily with the 

percussion-welding process employing: 
Low voltage form an alternating-cur- 
rent transformer as the power supply, 
some type of arc starter—such as a nib, 
and an electromagnetic system to de- 
velop weld force. 
‘Percussion Welding,” by Robert F. Manning, 
and Jerome B. Welch, Cutler-Hammer, ¢nc, 
Milwaukee, Wis. Paper presented at the AWS 
National Fall Meeting held in Pittsburgh, Pa, 
Sept 1960. Published in Welding Journal, 
Sept. 1960, p 903. 


* 


Welding and brazing of 
cobalt alloys 


Alloys containing substantial] 
amounts of cobalt are used in many 
applications that require metallurgi- 
cally bonded joints. A review of the 
processes and techniques used to pro 
duce such bonds is presented in this 
article. 

As corrosion- and heat-resistant ma 
terials, the cobalt-containing alloys re- 
semble austenitic types of 
stainless steels. Processes and _ tech- 
niques applicable to the welding of 
the latter can also be used on the 
former after slight modification. 


certain 


“The Welding and Brazing of Certain Cobalt- 
Containing Alloys,” by W. J. Lepkowski and 
R. E. Monroe, Metals Joining Division, Battelle 
Memorial Institute, Columbus, Ohio. Cobalt, 
Cobalt Information Center, c/o Battelle Me- 
morial Institute. Number 7, June 1960. 


* 


Temporary welding 


Attachment ot jigs, spiders, strong- 
backs, and other temporary devices 
to aid in positioning parts to be fabri- 
cated together is the reason for most 
temporary welding performed on ship 


structures. Any welding operation 
produces a heat-affected zone exhibit- 
ing properties inferior to those of the 
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base metal. This is especially true 
in high-strength, heat-treated steels. 
lemporary welds should, therefore, be 
used as little as possible, and prefer- 
ably not at all on plating subject to 
deep submergence pressure or explo- 
sion loading. 

Devices which do not require at- 
tachment by welding are being used 
more and more by building yards to 
regulate and fit heavy hull plating for 
butt welding. A few of these devices 
are illustrated. 

“Temporary Welding of Pressure Hull Plating”, 


Bureau of Ships Journal, Department of the 
Navy, Washington 25, D. C. September 1950. 


* 


Grade markings for bolts 


Grade markings on bolt heads iden- 
tify material, strength and the speci- 
fying group or user. These markings 
serve as a quick visual check of the 
product upon receipt. They also aid 
the assembly operator to install the 
correct grade of fastener. 

Grade Markings for Bolts,” by Frank W. 
Wood, Jr. Advanced Designs, Inc, Vienna, Va. 


American Machinist/Metalworking Manufactur- 
ing, April 3, 1961, p 111. 


Bonding silicone rubber 


A significant portion of the now 
multi-million dollar fabricated silicone 
rubber business has developed because 
silicone rubber can be successfully 
bonded to itself and other material 
surtaces, 

The successful bonding techniques 
have been developed in the face of 
the fact that silicones are noted for 
their non-sticking properties. In fact, 
numerous applications for many sili 
cone polymers (fluids, resins, etc.) are 
based on the excellent release proper- 
ties of silicones. 

As anyone familiar with the field 
will readily agree, continued improve- 
ment of bonding techniques with sili- 
cone rubber will be welcomed by those 
faced with the fabrication of finished 
parts. It is our purpose to review the 
existing bonding technology and to 


present some of the latest advances 
in the technology with new techniques 
that have eliminated or minimized 
some of the more difficult bonding 
problems with silicone rubber. 

“How to Bond Silicone Rubber,” by C. A. Ber- 
ridge and D. P. Spalding, Silicone Products 
Department, General Electric Company, Water- 
ford, NY. Adhesives Age, 101 West 31st Street, 
New York 1, NY. June, 1960. 


* 


How to specify fasteners 


This brocure is intended as a guide 
to important savings in designing and 
re-designing headed parts. Designers, 
familiar with the comparatvely few 
principles affecting costs of headed 
parts, can specify them at the most 
economical cost. They will recognize 
also that specialized advice can affect 
further substantial dollar savings. 


“How to Specify Fasteners and Save,” Buffalo 
Bolt Company, North Tonawanda, NY. 


* 


High-vacuum glass seals 


An interesting variant is described 
of known methods of sealing glass 
components. The crux of the method 
is the inclusion of a metal ring in the 
seal. This makes it possible to dis- 
connect the sealed parts in a matter 
of seconds, without causing damage. 
“Demountable Seals for Glass High-Vacuum 
Equipment’, B. Jonas and G. Seitz, of Zen- 
trallaboratorium Allgemeine Deutsche Philips 


Industrie Gmb H, Aachen Laboratory, Philips 
Technical Review, Vol. 22, 1960/61. 


7 


Tig welding joins 
copper to stainless 


Copper and stainless steel can be 
joined by Tig welding (Tungsten-arc, 
inert-gas), but you've got to be very 
careful about heat balance in the two 
metals. The object is to put most of 
the heat into the copper and fuse it to 
the stainless rather than melt the two 
metals together. 

Knolls Laboratory worked out a 
technique for this joint because of 


continued on page 370 
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Here’s how ARROW FASTENER Co. gets 


Truare’ Retaining Rings FREE? 


U.S. PAT. NO. 2,837,812 


Mechanized Ring-O-Mat® designed by Truarc Engineers 
doubles stapler production for saving of $2500/year 


Arrow Fastener Co., Inc., Brooklyn, N. Y., uses three 
Truare Series 5144 reinforced E-rings to secure com- 
ponents in its Model T-50 compression stapler. Origi- 
nally, Arrow operators installed the rings by hand with 
conventional applicators and dispensers. Fast? Sure — 
but Truare engineers suggested to the company how 
the job could be done even faster and more economi- 
cally by mechanizing the entire ring assembly operation. 


Working closely with the Arrow engineering and 
production staff, Truarc mechanization engineers de- 
signed the unique Ring-O-Mat shown above. The unit 
installs the three E-rings in a single operation, twice 
as fast as the former hand method. Savings with the 
equipment are $2500 a year — enough to pay for all 
the rings the company uses! 


Interested in getting your retaining rings FREE? 


Bulletin 459-13 describes a number of assembly techniques for mass-production 
ring installation. Write for a copy or see your Truarc representative. 


WALDES KOHINOOR, INC. 


47-16 Austel Place, Long Island City 1, New York 


Here's how the Ring-O-Mat works. The Truarc rings 
are supplied in tape-wrapped Rol-Pak® cartridges 
which are loaded on vertical magazine rails at the cen- 
ter of the unit. To install the rings, the cperator merely 
places the stapler in a nest at the front and pushes the 
control buttons . . . the Ring-O-Mat does the rest! 
Applicators connected to the air cylinders grasp the 
bottom ring in each stack and move forward, seating 
the rings in accurately located grooves pre-cut in pivot 
pins extending through the body of the stapler. When 
the rings are fully seated, the applicators are with- 
drawn automatically and the operation is completed. 
Simple, fast, fool-proof — a typical example of how 
Truare retaining rings lend themselves to mechanized 
assembly. A good example also of how you get more 
than a fastener when you buy Truarc! 


C) WALDES 
ITRUARGC 


= RETAINING 
“il RINGS 
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Adjustable Fastener 


Best Application: To compress a gas- 
ket, resist vibration, fit varying frame 
thicknesses. 

Form: One piece latch installed by 
passing knob through door. Quarter 
turn opens or closes. No striker required. 
Features: Further turning of knob 
changes grip to hold different frame 
thicknesses, tightens door against 
gasket. 

Availability: From stock in 4 sizes, 
miniature to large. *Handbook pp. 
28-37. 


Panel Latch 





/“ 


Best Application: Where spring load- 
ing, single hole mounting, and mini- 
mum inside clearance are factors. 
Form: Chromed knob with arrowhead 
to indicate pawl position. Spring in 
plated ferrule applies tension to pawl. 
Features: Uses only *;,” inside space. 
Pushing knob relaxes operating tension. 
Availability: From stock, individually 
packaged. *Handbook pg. 43. Other 
latches, pp. 38-43. 
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It’s a good design, but 
how will you fasten that panel? 


Design a package that no standard fastener will fit, and you'll need a special 
device. We design and build specials. But standards (like those shown here) 


cost less and get there sooner. 


56 pages of standard fasteners in our new Handbook No. 11* Send for one... 
it’s free. Write Southco, 260 Industrial Highway, Lester, Pa. 


Lion '/, Turn Fastener 

















Best Application: For light weight, 
quick operation, vibration resistance. 
Tomeet MilSpec. MIL-F-5591A (ASG). 
Form: Swaged nose stud, retainer (to 
captivate stud), solid leaf receptacle. 
Features: Quarter-turn clockwise locks, 
quarter-turn counterclockwise unlocks. 
One piece stud design adds consider- 
able strength. Clip-on receptacle speeds 
installation. 

Availability: From stock in variety of 
head styles. Ten receptacles offered 
over the three sizes, including side- 
mount and casting mount. *Handbook 
pp. 9-18. 


Retractable Screw Fastener 














Best Application: Drawers, slides, 
doors, especially on electronic equip- 
ment. 

Form: Polished stainless steel screw 
retained in standoff flanged into door. 
Screw engages tapped hole in frame. 
Features: Screws can be used in multi- 
ples, operated individually without forc- 
ing door. Float of screw in standoff 
tolerates misalignment. 

Availability: From stock in 5 head 
sizes (slotted or unslotted), 8 thread 
sizes from 4-20 to 4-40. Spring loading 
for automatic retraction also from stock. 
*Handbook pp. 18-22. 


Quick-opening Screw Fastener 


l¢ | 
» PL hes 


Best Application: Where misalignment 
is present, or where doors may be sub- 
ject to hard use or deformation. 

Form: Heavy square-threaded screw 
assembly held in outer panel by re- 
tainerand engaging receptacle on frame. 
Features: Maximum float for ease of 
installation and alignment. One assem- 
bly fits variety of door and frame 
thicknesses. 

Availability: From stock in Nos. 2 and 
7 sizes. Three head styles; riveted, 
welded, clip-on receptacles. *Hand- 
book pp. 23-27. 


/ 


/ 
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E CHERRY 
E~ COMMERCIAL 
> RIVET 


© Large Manufactured Head © Excellent Head Seating 
© Oversize Blind Head © Wide Grip Range 
© Plugged or Hollow © Full Range of Diameters 
© No Stem Trimming © Positive Hole Fill 
© Minimum Blind-Side Clearance © Easy Installation 


For fast, secure, more economical fastening, the new Cherry Com- 
mercial Rivet is a blind fastener ideal for production manufacturing 
and repair. Installed by one man from one side of the work, the 
Cherry Commercial Rivet reduces cost of assembly, repair and 
maintenance in both blind and open applications. 

Minimum blind side clearance, adaptability to variations in 
material thickness, and positive hole fill even in oversize or out-of- 
round holes offer advantages not available in other production 
fasteners. 

Cherry Commercial Rivets are available in both hollow (non- 
structural) and plugged (structural) types. The plugged rivets have 
strength values comparable to solid rivets, and stems fracture to 
eliminate all trimming operations and provide further produc- 
tion economy. 

Grip lengths from '¢"’ to 1” inclusive, and diameters of %"’, 5@’’, 
%"’ and ” are provided in either universal or countersunk head. 
Special rivets are manufactured to order. 

For full technical information on the new Cherry Commercial 
Rivet, write Cherry Rivet Division, Townsend Company, Box 
2157-D, Santa Ana, California. 


Aluminum Mild Steel Monel 


CHERRY RIVET DIVISION 
ET NIT ee 


"Townsend Company 


In Canada: Parmenter & Bulloch Manufacturing Company, Limited, Gananoque, Ontario 
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DESIGN ABSTRACTS continued 


| an experimental heat exchanger in 


which stainless steel strips were to 
act as electrical resistance heaters. 
Each end of each strip had to have 
a copper tab so it could be connected 
to the power supply. 

Even though these joints between 
copper and Type 304 stainless had to 
have complete and uniform conduc- 
tivity, they were produced with inex- 
pensive fixtures and without metal 
backing. 

In thicknesses of 0.050 and 0.075 
in., a single pass was made from one 
side, but it was found that 0.110-in. 
sheet requires a pass from each side to 
complete the joint without excessive 
drop-through. 

In order to get the copper hot 
enough and still keep the stainless 
steel from getting too hot, normal 
procedures were deviated from sev- 
eral respects. One was to fixture the 
parts so as to expose more copper than 
stainless to the arc’s heat. 

The carbon-steel fixture allowed a 
half-inch working space between hold- 
down bars. Into this space the stain- 


| less projected only % in., compared 
with y in. for the copper. These dis- 


tances turned out to be critical in 
relation to the other welding condi- 
tions, such as arc current and travel 


| speed of the electrode. 


“Tig Welding Joins Copper to Stainless,” by 


| Dr J. M. Gerken, and D. B. Kittle. American 


Machinist/Metalworking Manufacturing, 330 
West 42nd Street, New York 36, New York. 


| November 14, 1960. 


* 


Induction-pressure welding 


Induction-pressure welds are made 
by the application of heat and pres- 
sure to the ends of the pipe being 
welded. In making these welds, the 
ends of the pipes are butted together 
under pressure and heated by induc- 
tion. Heating is restricted to a small 
width on either side of the abutting 
surfaces by the use of a suitable in- 
duction coil that is concentric with 
the pipe. Heating occurs when high- 
frequency alternating current is sup- 
plied to the coil. The flow of current 
sets up a magnetic field within the oil 
which, in turn, induces an electric 
current in the pipe. The IR heat 
generated by the flow of this induced 
current heats the pipe. As the pipe 
ends are heated to temperatures above 


continued on page 382 
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FOR SOFTER METALS AND PLASTICS... 

Slotted Tap-Loxk insert has full V- 

form external threads to provide 

maximum locking torques; permit 

wide choice of mating hole sizes. 
Recommended for soft aluminum, zinc die castings, 
sand castings, and plastics. Meets requirements of 
MIL-MS 35914. 





FOR HIGHER STRENGTH 

MATERIALS 

H-Series heavy-walled Tap- 

Lok insert has truncated root 

external thread and three- 

hole cutting edges for hard- 
to-tap higher strength materials and to meet MIL 
and other specs calling for Class 3B thread fit for 
gaging after installation. 





4 ” ELIMINATES CHIPS... 
The uickest Ze =) The F-Series Form-Lok self-tap- 
> ping insert is thread forming and 


firmly locks itself in the base ma- 


most practical way ik Alea ore eet 
to put strong threats aoe 


coarse pitch external thread of- 
fering maximum strength in com- 


s * 
in soft materials bination with ability to be driven 
into thin sections without split- 


ting them. For furniture, cabinets, and other wooden 


® parts where strong, permanent threads are needed, 
the ; AP. LOK ' or which must be frequently assembled and 
disassembled. 








IN ERT FOR LOCKING THE MATING SCREW... 
N-Series Tap-Lok Insert has Ny- 

lok pellet embedded in threads 

to make internal threads self- 

locking. Ideally suited for ad- 

justment screws and applications 

involving severe shock and vibration. Meets re- 


quirements of MIL-N-25027 (ASG). 


1T TAPS ITS 


OWN THREADS 


HOW IT WORKS 


“\ANAAARS 


WILL NOT 
BACK OUT 


TT 


The Tap-Lox® threaded insert taps its own thread and locks itself 
into the parent material in a single, quick operation. Designed as a 


permanent fastener in materials which are machinable but not strong K 
enough to sustain applied loads in threads tapped directly into them, Pp. j ' 
it is also widely used in harder metals and alloys where repeated 


assembly makes thread wear a problem. 


Since TaP-Lok cuts its own threads, no additional assembly time is 
required, making its installed cost the lowest of any threaded insert! 


Once installed, it is permanently locked in place, and will not back Another fastener development from — 
out under repeated heavy shocks or prolonged vibration. TaP-Loxk in- 
serts are available in the types as shown above, in a variety of GROOV-PIN 
metals that include casehardened carbon steel, brass and 18-8 stainless 
steel (type 303). For complete information and prices, write Groov- CORPORATION it 
Pin Corporation, 1141 Hendricks Causeway, Ridgefield, N. J. CaTALos in 


SWEETS 
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HANDY ALLOY DATA SHEET 


HANDY & HARMAN ENGINEERING DEPARTMENT ; 
‘ 


850 THIRD AVENUE, NEW YORK 22,N.Y. 


‘ 
, 
’ 
‘ 
’ 
‘ 


7 
+ Ms 


. 


ALLOY 
LIST 


. - 


. . 


Handy & Harman Silver Brazing Alloys 


...The COMPLETE line that meets all specifications and production needs 


One Source of, and Authority On Brazing Alloys and 


Need to join any combinations of metals—ferrous and 
nonferrous? Investigate the vast number of products, 
assemblies and parts that are being joined better by 
silver brazing alloys. Handy & Harman, the Number 


Methods makes—and makes readily available —the fol- 
lowing silver brazing alloys: 









































HANDY & HARMAN SILVER BRAZING ALLOYS 
COMPOSITION PERCENTAGE MELTING FLOW TROY 
NAME POINT POINT OUNCES 
Ag cu Zn Other oF °c PER CU. IN. 
EASY-FLO 50 15/2 1612 (18 Cd) 1160 625 1175 635 5.0 _ 
EASY-FLO 3 50 1512 1512 (16Cd-3Ni) | 1170 ~ 630 ~ 1270 #£4690 ; i 
EASY-FLO 45 45 15 16 (24 Cd) = ee [ee a” 620 49 
EASY-FLO 35 35 26 21 (19Cd) | 1125 #4605 + #+x| 1295 700 i 4.9 
SIL-FOS 15 80 on..tCmdN Ct OCSlhUCCCCS ~. 1300 705 4.5 
Sil-FOS5 ..}}”©© 89 cs  16P - oo oo}, imo 705 ~ 4.4 
TEC 5 (95 Cd) 640 340 740 395 46 
TEC-Z 5 16.6 | (78.4Cd) 480 250 600 315 4.5 
BRAZE ATT 20 45 30 (5 Cd) ie 1140 615 1500 815 4.6 
a 302 20 45 35 1315 715 1500 815 4.7 
NT 30 38 32 1250 vs 675 1410 765 4.7 
DT 40 36 24 1235 670 1415 770 4.8 
ss 40 30 28 (2 Ni) 1220 ~ 660 1435 780 4.8 
404 40 30 25 (SNi) 1220. ©4660 1580 860 4.7 
DE 45 30 25 1225 665 1370 745 4.8 
ETX 50 34 16 1250 675 1425 775 5.0 
541 54 40 5 (1 Ni) 1340 725 1575 855 5.1 
560 56 22 17 (5 Sn) = 1145 620 1205 650 5.0 
580 5712 32¥2 ~ | (7Sn-3Mn) 1120 605 1345 730 5.1 
RT 60 25 = 2 " oo -—ti‘“i‘C 1325 720 50 
~ 603 60 30 (10 Sn) 1115 ~—~SO 1325 720 * 
630 “ 63 2812 (6 Sn-21/2 Ni) ~ 1275. + #  ®  ®#©4+690~ 1475S 800 en 
és EASY 65 20 15 cee: 1240, ~—sté«/D i 720 3 
MEDIUM ay 70 20 10 wl 2° 1275 690 1360 740 51 
BT 72 28 1435 780 — 1435 780 on 
HARD 75 22 3 1365 ~ 740 1450 790 a < a 
752 75 25 1300 705 1330 720 a 
IT 80 16 40 1340 725 1490 810 oo 
852 85 oe (15 Mn) 1760 #£«960 ~~ 1780 970 eo | 
PREMABRAZE 615 61.5 24 (14.5 In) 1155 625 1305 705 5.0 








*A Solder — Not a Brazing Alloy. 


Space does not permit listing the many special alloys 
formulated for a particular or unique application. Handy 
& Harman Brazing Engineers and Technical Service are 


GET THE FACTS FROM 


BULLETIN 20 


This informative booklet gives 
a good picture of silver braz- 
ing and its benefits...includes 
details on alloys, heating 
methods, joint design and pro- 
duction techniques, Write for 


your copy. 
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Your No.? Source of Supply and 


always ready to work closely with you on metal joining 
problems and methods, Specific data sheets on any of 
these alloys await your request. 


Authority on Brazing Alioys 


HANDY & HARMAN 


General Offices: 850 Third Avenue » New York 22, N. Y. 
Offices and Plants: Bridgeport, Conn. Chicago, Ill. * Cleveland, Ohio* Dallas, Texas + Detroit, Mich. 
Los Angeles, Calif, » Mt. Vernon, N. Y. « Providence, R. 1. * Montreal, Canada » Toronto, Canada 


DISTRIBUTORS IN PRINCIPAL CITIES 
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17 ESNA FASTENER SOLUTIONS FOR HUNDREDS. 
OF ELECTRO-MECHANICAL SYSTEM APPLICATIONS 


ws 
LH1660 


HEX TYPES ESNA hex nut thread sizes 


range from a miniaturized 0-80 through standard SAE 
114,”-12—and up. Designers have a choice of two types 
of reliable self-locking devices—depending on opera- 
tional temperatures. Both types have received military 
approval and most parts are produced in carbon and 
stainless steels. 

For temperatures up to 250° F., the high-reuse nylon 
insert type is recommended. For temperatures of 
550° F. or 900° F. and higher, the all-metal offset 
closure provides excellent self-locking results. Nylon 


o 


. 


4 


j/ 

- » , 
1 Ay 18 LH <T 
LHA227 


NCFM LHCFM 


CHASSIS TYPES  ciinci sjocs taster 


to chassis or console by single hole mounting. Avail- 
able in standard sizes and in new miniature flush 
mounting types; both all-metal for 550° F. tempera- 
ture and with special nylon inserts for 350° F. oper- 
ating environments. Also a new floating clinch nut which 
gives the economy of single hole mounting plus float 
to compensate for minor screw or component mis- 
alignment. Both standard and miniature clinch types 
are available with nylon caps. For other ‘‘black box’’ 
uses there are miniature right-angle ‘‘floaters,’’ heavy 


NKCFM 


LH3324 


insert nuts can be reused a minimum of 50 times on a 
standard screw and still retain locking torque. Nylon 
will not gall bolt threads or peel cadmium from the 
screws to foul or short vital circuits. Its dielectric 
strength and volume resistivity are extremely high. 
Nylon caps, available in most configurations, prevent 
“corona” effect, seal bolt ends, protect wires from 
chafing on bolt edges 

All-metal nuts using ESNA’s elliptically offset lock- 
ing device provide excellent re-usability because of their 
high hardness. 


= 


= 


\4 f 


ee 


LH4786 


LHTA521M 


duty fixed anchors for drawer slides. There is also type 
LH4786, a new captive washer electric terminal nut 

The new ESNA catalog no. 960 shows the hundreds 
of configurations—with nylon inserts, nylon caps, or in 
all-metal designs—of ELASTIC STOP® nuts that are 
available as standard parts. Why not send for your copy 
today? We'll be glad to send sample nuts for testing, 
too. Just specify type and size. Write: Elastic Stop Nut 
Corporation of America, 2330 Vauxhall Road, Union, 
New Jersey. Dept. S60-945. 


sw) ELASTIC STOP NUT CORPORATION OF AMERICA 
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How can 


NELSON. STUD WELDING 


help you? 


COST CUT 6O% in securing cover plates 
on commercial dry cleaning machinery. 
Greater design freedom obtained with Nelson 
stud welding. 


A 


i 
30% SAVING in direct fastening costs PRODUCTION COST SLASHED FASTENING COSTS REDUCED 50% 
Elimination of compressor housing warpage 40% and machine output increased 200% by in a variety of applications on truck tanks 


resulted from shift to Nelson stud welding. manufacturer of corn shelling machines. NEL- using four different types of Nelson studs. 
WELD studs are on the cylinder at the right. 


NELSON stud welding is an extremely fast and dependable means of end 
welding studs or projections to steel or aluminum. In a split-second, with 
this semi-automatic arc welding method, you get a rugged, secure attachment. 


Among the advantages of the NELSON stud welding method are: reduced 
direct fastening costs... increased production... elimination of heavy bosses 
resulting in lower product weight...elimination of leaks in water or oil-tight 
units or assemblies ... less material handling... allows placement of fasteners 
wherever they can be used most advantageously. 

For all the facts about this cost-saving method, send for a copy of the 
NELSON Design Manual. Use the reader service card or write: 


NELSON STUD WELDING 


Division of Gregory Industries, Inc. 
Dept. 20, Lorain, Ohio 


el icie) a4 


INDUSTRIES 
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How many of your products employ 


HOW MANY WAYS CAN laborious, old-fashioned fastening meth- 


Bork where simple fasteners could do the 
job and cut costs, too? How 
many parts and sub-assem- 

CNOA can be adapted to include a self- 

CUT COSTS FOR YOU ? fastening feature? How many future 


products could be improved by advance 
planning for fastener efficiency ? 


— = a 


POLYETHYLENE United-Carr’s engineering staff offers you a wealth of ex- 
MOUNTING FOOT perience in the design of special-purpose fasteners and 
No mar, no scratch self-fastening devices. Large-scale manufacturing facilities 

glide for use on TV (including in-plant plastics molding equipment) ensure 
cqnelsans, ee economical, volume production and prompt deliveries. 


changers, smoll ap- cs . 
silehinastnhet Aantin, United-Carr field representatives are ready to call on you 


bles into round hole at your request. 
in wood or metal 


cabinets. 
The names DOT, TEENUTS, TRIMOUNT are registered trade-mark 


NYLON SNAP-IN NUT QUICKEY FASTENER 6-PRONG TEENUT 


Snaps into squ 
Offers greatly in- 
creased push-out 
resistance; virtually 
col a a tata , : eliminates theproblem 
i ; of lost fasteners, cuts 
rejections, customer 
complaints, etc. Claw- 
like prongs toe in for 
maximum gripping 
power. 


hole st amped out 


sheet metal 


MOLDING FASTENER 


Ideal for use with 


WIRING FASTENER 


Mounting legs snap 


PLUG BUTTONS 


Snap into %" to 3” 


dia. holes. Can be 
embossed with orna- 
mental or functional 
designs . . . various 
finishes, shapes and 


sizes. 


into round hole... 
provide secure an- 
chorage. Body of 
fastener holds wires 
without chafing. 


thread -cutting fas- 
teners or available 
with threaded stud 
for nut and lock 
washer assembly. 
Spring leg maintains 
tension to keep fas- 
tener blade locked 


in molding channels. 


TEENUT | | DURABLE DOT FASTENER 


Snap fastener for 


cloth, leather, plas 
tics and other mate 
rials. Positive clo- 
sure, instant release. 
Black, nickel or brass 
finish. 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


A Offices in: Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Kalamazoo, 
Op uc Los Angeles, Louisville, New York, Philadelphia, San Francisco, Seattle, Syracuse 
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ANSWERS to specific fastening problems 


...by SIMMONS 


Economy, design flexibility, quick 
and easy installation, strength, and 
smooth, dependable action are ad- 
vantages of these Simmons Fas- 
teners, made for a variety of special 
applications, Whatever your fasten- 
ing problem, engineering aid is 
available from Simmons. 


HOOK-LOCK., Springless. posi- 
tive-locking latch which lies flat against 
mounting surface. open or closed. Pro- 
vides high closing pressure and load- 
carrying capacity. For military as well as 
commercial container applications. 


f 


SPRING-LOC K- Perfect. 
proved blind rivet for removable covers 
and panels on electric and electronic 
equipment, sheet-metal automobile parts, 
appliances. 

Plastic Spring-Lock 
Shelf Supports with 
“heart of steel” help re- 
frigerator makers cut 
costs, speed production, 
simplify servicing. 


LINK-LOCK- [deal latching de- 
vice where heavy locking pressure is nec- 
essary. Available in heavy. medium. light 
duty, for use in military and commercial 
containers and demountable construction. 


DUAL-LOCK_- Impact and vibra- 
tion-proof high-load butt-joint fastener 
that will not accidentally unlock or 
loosen. Recess in panels or surface 
mount. Withstands 7000-lb. tension. 


QUICK-LOCK-For assembling 
removable panels and access doors. 
Locked by a 90° turn. Various sizes and 
types, for weather-tight electrical units, 
cowlings, access panels. 


SEND TODAY for your copy of the Simmons catalog, 


with specifications, applications, installation instructions for all 
Simmons Fasteners. Samples are available. For special assistance, 
describe your requirements. 


Sl M MONS FASTENER CORPORATION 


1751 North Broadway, Albany 1, New York 
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LINK-LOCK 


HINGE-LOCK 


HINGE-LOCK- <A rugged pres. 
sure hinge which provides a strong seal 
along the hinge line of gasketed equip- 
ment containers and transit cases. 


Matched hardware with LINK-LOCK. 


& 


a 


a 


ROTO-LOCK- Versatile fastener 
for butt or right-angle joints in portable 
shelters. partitions. knock-down shipping 
boxes. etc. Solidly built, springless. 


Ss 


> 


CLAMP-LOCK-~A simple and 
strong, positive-locking clamp for fast as- 
sembly (and disassembly) of permanent 
or temporary rooms and buildings of 
flanged-panel construction. 
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to tell you It’s 
worry- proofed 
at the factory 


Other spring fasteners may look like Tinnerman 
SPEED Nuts. But only the 7-marked ones really are 
SPEED Nuts... really are “Tinnermans”. . . made to 
highest quality and precision standards to assure 
worry-proof performance on your assembly. 

Here’s what the exclusive Tinnerman T-mark 
means to fastener users: 

Over thirty-five years of Tinnerman experience as 
the originator and largest producer of spring-steel fas- 
teners...the leader in solving your fastening problems, 


Outstanding fastener design and production experi- 


CANADA: Dominion Fasteners Ltd., Hamilton, Ontario 

GREAT BRITAIN: Simmonds Aerocessories Ltd., Treforest, Wales 

FRANCE: Simmonds S.A., 3 rue Salomon de Rothschild, Suresnes (Seine). 
GERMANY: Mecano Sim s GMBH, Heidelberg 
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ence that assures you the best possible design of SPEED 
Nut, whether it is a special SPEED NuT or one of the 
10,000 SPEED Nut brand fasteners presently available, 

Stringent control of SPEED NuT quality from coil 
strip to you, including die design, production, heat 
treatment and finishing. 

Be sure you specify “Tinnerman T-marked SpEED 
Nuts” that give you better fastening, that cut parts 
and assembly costs, that never let you or your cus- 
tomer down. Tinnerman Products, Inc., Dept. 12, 
Box 6688, Cleveland 1, Ohio. 


TINNERMAN 
S34 ia 


look for the Tinnerman “"T” 


-4 
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% TURN FASTENERS 
| UNIVERSAL LATCHES 


fs ' CHASSIS LATCHES 





S 


5F Series 12F Series 


7 21L Latch 
. 
— . 1 


<> 
a el 





2600 Series 28F Series 


1 


J HARNESS CLAMPS 
y e 





35L Latch 


15F Push Button 
Fastener 





4002 Series 











7C1 Clamp 





Fa SsSTe n/ aTi ON The mechanics of modern fastening have matured to 


the point where it is now considered a science. We call it FASTEN/ATION. 


Your designs are important enough to build, and should be covered and protected... but you must 
be able to remove the covering in a hurry. Here’s where Camloc’s FASTEN/ATION becomes signif- 
icant to you. Installation is simple — closure is simple — opening is even simpler, and each of these 
operations takes only seconds. 


The final touch to a good design includes the best method of fastening, the simplest installation 
and use, and a fastener that complements the product in size 

and appearance. Since making a decision involves the evaluation of specialists in fasteners for industry 
alternatives, here are some of Camloc’s more popular fasteners. We 

know you will want to make a more careful analysis before you 0 C 
specify, we suggest that you write for our complete catalog. Be m L 
FASTEN/ATED! Let us FASTEN/EER your next design. ~‘S A 


‘~ » 
ag 


Copyright 1961, Camloc Fastener Corporation 


CAMLOC FASTENER CORPORATION, 62 SPRING VALLEY RD., PARAMUS, N. J. 
West Coast Office, 5455 Wiishire Bivd., Los Angeles, California e Southwest Office, 2509 W. Berry St., Fort Worth, Texas 
European Subsidiary: Camioc Fastener GmbH, Kelkheim/Taunus, West Germany 
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SION FASTENERS 


In this rocket, missile and space age, a precision 


, 4 € Pa 


PRECI 


fastener is a requirement that must not be neg- 
lected. The billion dollar missile program should 
have the best, and the best of fasteners will always 
include a Rosan product. The distinguished group 
below has earned an enviable reputation both in 
and out of the missile field. We offer them to 


you if you need reliability and must have security. 


tt 
? 
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- 2201 West ast Highway - New} Beach, California 
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MAIN PLANT: Newport Beach, California *OFFICES: Atlanta, Dayton, Detroit, Los Angeles, Newark, San Mateo (San Francisco), Washington, D.C. 
UNITED KINGDOM & Continent of EUROPE 


REPRESENTATIVES 


Vermont, Maine, Mass., 
Conn., New Hampshire, 
Rhode Island 

Exeter Connectors, Inc. 
93 Court Street 

Exeter, New Hampshire 
PR 2-3776 


E. Pennsylvania, Southern 
part of New Jersey 

J. N. Barrett Associates 
810 Federal Street 
Camden, New Jersey 

EM 5-2680 


Alabama and Western Part 

of Tennessee 

Tec-Production Company 

308 Municipal Utilities Building 
Huntsville, Alabama 

Phone 539-7481 


*T.M. REG, 1 


@ Virginia, Maryland 
Delaware and D.C. 
Robert L. Wilkinson, Inc. 
707 Stevenson Lane 
Baltimore 4, Maryland 
DR 7-7800 


@ Northern part of New 
Jersey, Southern tip of 
New York 
0. E. M. Sales 
80 Shore Road 
Port Washington, New York 
PO 7-7700 


@ Dominion of Canada 
Aviation Development Ltd 
1151 Kipling Avenue N 
Toronto 18, Ontario, Canada 
Toronto CH 6-6620 
Montreal RI 7-5009 


AND FOREIGN PATENTS GRANTED 


* Michigan except ¢ NE Indiana, N. Ohio, 
northern Peninsula SE Indiana, S$. Ohio and 
Francis A. Villani Jefferson, Carter, Greenup 
7008 Rosemary Boone, Kenton, Campbell 
Dearborn, Michigan and Boyd Counties, 
LOgan 3-1256 Kentweny 

Eversole Associates 

4231 Monroe Street 

Toledo 13, Ohio 

GR 9-1639 

Branch: 307 E. 4th St., 

Cincinnati 2, Ohio 

MA 1-1778 


@ N.Y. State except 
Rockland, Westchester 
Counties and 
Metropolitan N.Y. 
Reed-Tollefson Corp. 
2815 Monroe 
Rochester 18, N.Y. 

GR 3-2767 


@ Arkansas, Mississippi, 
Louisiana, Texas and 
Oklahoma 
Edward F 
3915 Lemmon Ave 
Dallas 19, Texas 
LAkeside 6-5233 


Aymond Co 
Rm 


Harlan J. Weisler & Assoc 


Washington and Oregon 8890 Lackland Rd., 
Don Smith Sales Co. St. Louis 14, Mo. 
2320 N. 45th Street HA 8-3934 

Seattle 3, Washington 

MElrose 3-3160 


@ North & South Carolina 
including Eastern tip of 
Tennessee 
D.G.W. Inc 
P.O. Box 5316 
Winston-Salern N 
PA 3-4205 
Branch: Box 60964 

harlotte, North 


ED 4-7090 


Minnesota, Wisconsin and 
Northern Peninsula of 
Michigan 

Clague Sales Corp 

759 N. Milwaukee Street 
Milwaukee 2, Wisconsin 
BR 2-1951 


Northern Illinois 
Eastern lowa and 
Western Indiana 

G. R. Carrier Co. 
10340 So. Western Ave. 
Chicago 3, Illinois 

HI 5-6300 


Georgia, 

Florida and middle 
Tennessee 

Emmett Rushin Co 
Box 486, Roswell, Ga 
Phone 993-6498 
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FASTENERS THAT SOLVE 
SPECIAL PROBLEMS 


116th year 





TENSILOCK® SCREWS AND NUTS 


PIGMENTED DELRIN® LOCK NUTS ALLOY FASTENERS 


“Tensilock,” the high 
tension locking fastener, 
bites with hardened 
ratchet teeth . . . holds 
tight. High residual ten- 
sion, tooth grip, and 
spring action of flexible 
flange make required 
loosening torque as 
much as 40% more than 
tightening torque. ©T1M 


RBaW open-end acorn 
nuts of pigrnented Del- 
rin feature excellent 
strength, rigidity, dimen- 
sional stability, low cost. 
reusability, corrosion re- 
sistance. Constant pre- 
vailing torque. Metallic 
gray and other colors. 
Two sizes: No. 10 devel- 
ops 500-600 Ibs. clamp- 
ing force; 14-inch devel- 


RBaW stocks a broad 
range of standard fast- 
eners in special alloys to 
meet unusual situations: 
type 305 stainless steel 
for superior corrosion 
resistance; lightweight, 
high strength aluminum 
screws, nuts and rivets; 
silicon bronze fasteners 
for electrical installa- 
tions. Other alloys in 


ops 600-700 Ibs. 


@® Dupont Trade Mark 


production quantities. 





POWDERED METAL PARTS 


A variety of small parts 
is presently being pro- 
duced by RBaW from 
powdered brass and 
stainless steel. Facilities 
can handle a wide variety 
of other small shapes, in- 
cluding nuts, gears, bush- 
ings, spacers, levers. 
cams, etc. Such sintered 
parts offer substantial 
production savings. Con- 
tact us with your re- 
quirements. 





STAKED LOCK NUTS 


Staked on opposite sides for positive 
grip and spring tension locking effect. 
Available in regular doubie chamfered 
style or acorn style (illustrated), in 
aluminum, steel, silicon bronze. 


WELDING 
FASTENERS 


RB&W standard welding 
screws have welding pro- 
jections on top or bot- 
tom of head. Sizes from 
No. 6 through 1% inch. 
Welding Nuts can also 
be supplied. 








Cold heading creates quality parts the low cost way 


Mera FORCED to cold flow into shape results not only 
in savings but also in stronger parts. With uncut flow 
lines, the piece is better able to withstand stress 
concentrations. 

No value analysis of product components is really 
complete without exploring what cold heading machines 
can do. Some examples: 


ELIMINATE EXTRA OPERATIONS. Leveling screw (A), for- 
merly made by riveting flat disc to set screw, now emerges 
as a stronger, single piece from a cold header. 


ONE PIECE BETTER THAN TWO. Cold headed hose clamp 
screw (B) has integral flange which, after head is slotted, 
is forced up to form screwdriver shield. Before, piece was 
in two parts ... with screw made on screw machine, and 
the shield a stamping fitted around head in extra assembly 
operation. 


FASTER THAN FORGING. Shifter lever (C) is bent into 
double “L” automatically in bolt header ... replacing 
2-stage forging operation. The header does it at high speed 
from continuous rod. 


METAL FLOWS TO SHAPE—NO WASTE. No longer cut on 
screw machine, insert screw (D) for plastic parts cost 40% 
less. Cold header uses just the amount of metal required. 
The threading and knurling, too, are done automatically 
at high speed. 


RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


Piants at: Port Chester, N.Y.; Coraopolis, Pa.; Rock Falls. 11; 
Los Angeles, Calif. Additional sales offices at: Ardmore (Phila.) Pa.; 
Pittsburgh; Detroit; Chicago; Dallas; San Francisco. 
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RB&W fasteners—Strong Point of any assembly 
See our catalog in Sweets Product Design File 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 





FASTENING AND JOINING ra 


Avdel now stocks a complete line of standard ball-lok pins ready for 
immediate delivery. The ever increasing demand for quality ball-lok 
pins has resulted in our new streamlined inventory program — over a 
quarter of a million standard pins ready for delivery...another quarter 
of a million components ready for instant assembly. Look to the leader 
in NAS qualified ball-lok pins. Delivery time on special designs slight- 


re] 


210 SOUTH VICTORY BOULEVARD e BURBANK, CALIFORNIA 
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== ALLENS 


a 


ALLENPOINT 
SET SCREWS 


...first choice of 


gee industrial designers 

for stronger, 
tighter 

fastenings! 


LEADERPOINT 
GRIP HEAD 
CAP SCREWS 


LEADERPOINT 
FLAT HEAD 
CAP SCREWS 


LEADERPOINT 
BUTTON HEAD 
CAP SCREWS 


C= 


SHOULDER SCREWS 


m 


PIPE PLUGS 


= 


ALLENUTS 


eae 


DOWEL PINS 


HEX KEYS " 


ADVANCED DESIGN FEATURES: “Pressur-forming” that preserves 
the long fibers throughout the length of Allen Hex Socket Screws... the 
deep, full circle bite of Allenpoint Set Screws . . . deep, clean, strong-walled 
sockets ... these, and many other advantages that make your product 
mene i are yours only with genuine Allen Hex Socket Screws and related 
products. 


Here’s the way fo figure if: 

The cost of genuine Allen Hex Socket 
Screws is such a minor fraction of your 
assembly costs that you'll surely 

want your products to have the many 
advantages that only genuine Allens 


can give you! 


1457 STANDARD ITEMS 


WRITE FOR... Allen ‘“Technical Library”’ 
handbooks filled with helpful socket screw data— 
answers to any questions you may have on specifi- 
cations and dimensions—special alloys— finishes 
and surface treatments—strength characteristics, 
etc, Or ask your industrial distributor for copies. 


in| 
POL 
me; ri... symbol of Product 


Quality Assurance . . . means that 
Allen constantly checks for quality 
to assure you products that are 
consistently better. 


ALLEN MANUFACTURING COMPANY 


Hartford 1, Connecticut, U.S.A. 


Plant at Bloomfield, Connecticut @ Warehouses in Chicago, Cleveland and Los Angeles 


Genuine ALLEN products are 
available only through your 
ALLEN Distributor. He will give 
you any help you need—ask him 
for samples. 
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continued 


DESIGN ABSTRACTS 


about 2300 F, the pressure exerted 
on the pipes deforms or upsets the 
abutting pipe ends. By achieving inti- 
mate contact at high temperatures, 
grain growth, diffusion and coales- 
cence occur across the interface re- 
sulting in strong welds. 


“Induction-Pressure Welding of Girth Joints 
in Steel Pipe,’ by R. L. Koppenhofer, W. J. 


| Lewis, G. E. Faulkner, P. J. Rieppel, Battelle 


Memorial Institute, and H C. Cook Esso Re- 
search & Engineering Co. Welding Journal, 
20th and Northampton Streets, Easton, Penn- 
sylvania. July, 1960. 


* 


Adhesives limit strain gages 


A survey is presented on the manner 
in which adhesives determine and 
limit strain gage behavior. It is shown 
that it is not possible today to predict 
gage behavior on the basis of knowl- 
edge of the gage construction and ad- 
hesive properties, although competent 
research in this area is being carried 
on. Adhesive properties as they affect 
strain gage behavior are discussed and 
a number of very practical and direct 
operating consequences for the strain 
gage user are derived from these con- 
siderations. These “laws” are sum- 
marized in the “Conclusions” 
of this study. 


section 


“Adhesives, How They Determine And Limit 
Strain Gage Performance,” Peter K. Stein, Ari- 
zona State Univ. Instrument Society of America 
paper 7-NY60, 313 Sixth Ave, Pittsburgh 22, 
Pa. 


* 


Welding high-strength steels 
Four ultra-high-strength steels were 
welded with five fille 
wires. The automatic inert-gas-shielded 
tungsten-arc process was employed and 
the various welding parameters re- 
corded. The purpose of this investi- 
gation was to produce full-penetration 
minimum  yield- 


commercial 


welds meeting a 
strength requirement of 220 ksi. No 
difficulty was encountered in welding 
any of the steels with any particular 
filler wire. More than 90% of the 
welded specimens met the minimum 
vield-strength requirement. Ductility, 
however, was below 5% in every case. 
“Investigation of Weldability of Ultra-High- 
Strength Steels, Melvin J Albom and Charles 
C Titherington, Aerojet General Corp; Welding 
Journal, Sept ‘60, 20th and Northampton 
Streets, Easton, Pa 
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BRIGINDE SELF-CLINCHING FASTENER 


Made in steel, stainless 
steel, aluminum and Monel. 
Positively locked into pre- 
pared holes by any stand- 
ard squeezing tool. For 
metal! thicknesses down to 
.032”. Sizes from No. 0 to 
34". Bulletin CL. 


SELF-CLINCHING, SELF-LOCKING NUT 


All metal (steel, stainless 
steel or aluminum) com- 
bines 2 functions in single 
light-weight, low-cost unit 
for sheet metal fastening. 
Suitable for installation in 
sheet thicknesses from 
-040” and up. Sizes from 
No. 4 to 10. Bulletin SL. 


SELF-CLINCHING CAPTIVE STUD 


Steel and stainless steel, 
designed for quick, easy 
flush-head installation in 
panels of cold-rolled steel, 
brass, copper, aluminum 
alloys and similar mate- 
rials. Sizes No. 4 to %”". 
Lengths from 4” to 1144”. 
Bulletin FH. 


SELF-CLINCHING FLUSH FASTENER 


One-piece, stainless steel 
threaded insert installs in 
sheet thicknesses from 
061” and up with flush 
mounting area on both sides 
of sheet. Suitable for mate- 
rials with Rockwell Hard- 
ness of B-70 and less. Sizes 
No. 2 to 4”. Bulletin FH. 


SELF-LOCATING WELD FASTENER 


Steel and non-magnetic 
stainless steel. Nut is pro- 
jection welded to part with 
extended shank protecting 
threads from weld splatter 
and serving as pilot in as- 
sembly. No. 2 to 4”. Bul- 
letin WN. 


SELF-CLINCHING FLOATING NUT 


Carbon steel and stainless 
steel. Provides rapidly as- 
sembled nut anchor in sheet 
metal and compensates for 
slight errors (up to '@”) in 
alignment of mating holes. 
Sizes No. 2 to 4”. Suitable 
for sheet thicknesses from 
.040” up. Types AS and AC. 


SELF-CLINCHING STAND-OFFS 


Made in both blind and 
threaded-through types in 
steel, aluminum and stain- 
less steel. Sizes No. 4 and 
No. 6. Overall lengths from 
1%” to 1%". Suitable for 
use in sheet thicknesses 
from .040” and up. Bul- 
letin SO. 


SELF-CLINCHING SPLINE FASTENER 


For hard metals and brittle 
materials — magnesium, 
glass laminates, epoxies, 
etc. Madein steel and stain- 
less steel. Sizes No. 2 to 
344”. Type KF. 
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INDUSTRIAL RETAINING RINGS | 
Available everywhere 


COO OIC?) 


SERIES 1000 SERIES 2000 SERIES 1200 SERIES 1001 


C) @ 


SERIES 3000 SERIES 3100 SERIES 4000 SERIES 4100 


@} 


SERIES 3001 SERIES 3101 SERIES 6000 SERIES 6100 


Industrial Retaining Rings can save you both time and Prices of the more popular Industrial Retaining 
money, because . . . Rings have been reduced—as much as 51%. 

A full range of sizes and types are available, 
promptly, from an IRR Distributor near you. 

Many types of Industrial Retaining Rings — 
internal and external, for axial and radial assembly Write for your list of IRR Distributors and the 
—now can be had PRE-STACKED. complete IRR Catalog Number 61-C. 


. . Originators of modern retaining ring dispensing 


INDUSTRIAL RETAINING RING COMPANY 


57 Cordier Street, Irvington 11, New Jersey 
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The IRR line includes Retaining Ring Pliers and 
Application Tools. 
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Rolipin won't mushroom or telescope 


There are no installation or removal prob- 
lems with Rollpins. Because of their column 
strength they can be readily driven with a 
hammer, removed with a punch without 
bending or collapsing. Of course production 
line tooling such as an arbor press, a pneu- 
matic hammer . . . even a hand riveter.. . 
is ideal for Rollpin insertion. 


Rollpin won't damage or enlarge hole 


With smoothly chamfered ends providing 
an easy lead-in, Rollpin is compressed into 
complete conformity with the shape of the 
hole. The exclusive, v-shaped, coped corner 
design eliminates possibility of damage to 
the hole walls. They prevent any possible 
scoring action as the pin is driven and in- 
sures uniform insertion and removal char- 
acteristics. The benefit to you: the same pin 
can be reused in the same hole. 


ONLY ROLLPIN OVERCOMES ALL THESE FASTENING PROBLEMS! 


Rollpin exerts EVEN pressure 


In some fasteners, only a portion of the fas- 
tener shaft does the actual holding. Rollpin, 
however, exerts a uniform pressure around 
the entire inside surface of the hole—giving 
you maximum holding power and superior 
resistance to vibration. 

Split tubular construction assures uni- 
formity of heat treatment that is difficult to 
obtain with spiral types of pins; there is an 
even plating “throw” inside the pin as well 
as outside for superior corrosion protection. 


ONE TYPE of Rollpin does EVERY TYPE of job 


Versatile Rollpins will replace at least 12 
different types of fasteners. Every Rollpin 
can be hopper-fed, can be installed with a 
single operation. They are available, from 
stock, in a wide range of lengths and in 
diameters from 1/16” to 1/2”. Manufac- 
tured from carbon or corrosion resistant 
steels and beryllium copper. 


Y ‘ 
LE Dept.R59-945, Elastic Stop Nut 
jf® 





Corporation of America 
2330 Vauxhall Road 
Union, New Jersey 


C) Please send me ROLLPIN 
ELASTIC STOP NUT wa i distal 
CORPORATION OF AMERICA bulletin 
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LUG TYPE FASTENERS 
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DRIVE INSERTS 


ROUND COLLAR 
THREADED STUDS 








| 


PULLEY DRIVERS 








i: 


SPECIAL SLOTTINGS 


iv 


SPECIAL SEMS 


[: 
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HUBBELL COLD HEADING 
MAKES THEM FASTER AND BETTER 


Small fasteners like these Hub- 
bell cold headed parts represent 
an area of saving often over- 
looked by management, who 
give careful attention to the 
cost and design of major com- 
ponents and little or none to 
the parts that hold them to- 
gether. Yet here is the area 
where savings can be effected 
most easily and quickly. 


Why pay for special tolerances 
and secondary operations when 
Hubbell engineers can design 


and mass produce a cold headed’ 


part that is stronger, cheaper 
and more uniform, For exam- 
ple, all of the above, and thou- 
sands more like them, have 


been specially designed for Hub- 
bell cold heading. And each one 
helped to make the end product 
faster and better. 


Investigate for yourself. Simply 
send us a blueprint of the part or 
a sample for analysis. Our engi- 
neers will gladly estimate. 














This quality can be your greatest production economy For 
standards or specials, call Bridgeport, EDison 3-1181. 


HARVEY HUBBELL, INCORPORATED 


Machine Screw Department, Bridgeport 2, Connecticut 


See the Hubbell Fastener Catalog in Sweet's Product Design File |Oa /HU 
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DESIGN ABSTRACTS continued 


With exception of the section de- 
voted to architectural fasteners, all 
of the fastening procedures described 
in this book have been used for many 
decades. For example, nailing mate- 
rials together with ferrous nails has 
been employed for centuries even 
though aluminum nails can be con- 
sidered as a relatively recent develop- 
ment. The same holds true for pins, 
metal stitches, and joints formed from 
the work itself. All of these methods 
are readily adaptable to aluminum and 
have found considerable usage in appli- 
cations requiring the joining of alu- 
minum to itself or to other metals. 


“Mechanical Joining of Aluminum,” Reynolds 
Metals Company, Rich d, Va. 1959. 





+ 


New look at screw lead 


Lead is defined as the distance a 
screw thread advance in one turn. On 
a single-start thread—and most indus- 
trial screws are of this type—the lead 
is equal to the distance between suc- 
cessive individual threads. If the 
pitch or number of threads per inch 
is 20, for example, then the lead and 
the thread spacing should ideally be 
%o (or .050) in. 

Trouble starts when the distance 
between any two individual threads 
varies. Then we have lead error. 


“A New Look at Lead Error,” Standard 
Pressed Steel Co, Jenkintown, Pennsylvania. 


* 


Causes of distortion 
in welded steel 


Shrinkage of weld metal and accom- 
panying distortion in structural fabri- 
cation may or may not be a serious 
problem. When it is not, the matter 
is ignored; when it is, many ideas and 
theories usually are advanced as pos- 
sible explanations and solutions. Often 
these ideas are in conflict. This ar- 
ticle attempts to assess the causes of 
structural distortion, to see what var- 
iables affect it, and to suggest prac- 
tical solutions based upon this analysis 
and upon the experiences of struc- 
tural fabricating shops and erectors. 
“Types and Causes of Distortion in Welded 
Steel and Corrective Measures,” Omer W. 
Blodgett, Lincoln Electric Co, Cleveland, Ohio. 


Welding Journal, 20th and Northampton 
Streets, Easton, Pennsylvania. July, 1960. 
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For 
Metal Castings, 
Machined Parts 
and Assemblies 


For 
Plastics 


Heli-Coil Standard 
Screw-Thread Insert 


G 


Winds easily into tapped Locks screws into tapped 
holes. Anchors itself in the holes. Holds tight against 
receiving threads with impact and vibration with- 
expanding pressure. Won’t out lock nuts, lock wiring, 
loosen. Needs no oversize lock washers. 


bosses, flanges, or wall 
thicknesses. 


Heli-Coil Screw-Lock Insert 
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A Complete Line of 
Fasteners 


re 


lockin 
onto 


onto the bolt. 


Gripco Toplock Nut 


Eliminates need for lock 
washers and other external 
devices. Nut spins 
e bolt to the lock 
section and then is torqued 


Gripco Centerlock Nut 


Wr 


Double chamfered, with 
locking feature in center. 
Can be applied from either 
end. Locks wherever it is 
turned on bolt. 





Gripco Countersunk 
Weld Nut 


oF 


Threads can’t be fouled b 

molten metal during weld- 
ing. Three weld projections 
for firm electrical connec- 


Gripco Pilot Weld Nut 


Circular locating collar for 


F 


Gripco Clinch Nut 


Hex collar fits into hex 


Tab Weld Nut 


> 


Illustrated in projection 


uick, easy positioning. 
ree weld projections for 
firm electrical connections. 


hole, prevents nut from 
turning when installing or 
removing bolt. Ideal for 


weld type... also available 
in spot weld type. Only 
weld nut of this type with 
locking feature. 


tion. blind applications. 





Standard Dodge Expansion Insert 


Placed by hand or machine into 
molded-in or drilled holes. Elimi- 
nates tapping costs, reduces open 
press time. Provides torque and pull 
strength greater than mating screw. 


Dodge Cone-Spread Insert 


Especially adaptable to needs of 
design engineers concerned with 


Dodge Clinch Insert 


All features of Standard Dodge In- 
sert... plus an eyelet for strong and 
highly conductive electrical connec- 
tions. 


Heli-Coil Push Insert 


For strong, low-cost threads in as- 
semblies where a designed-in shoul- 


Dodge Flange Insert 


Same features as Standard Dodge 
Insert... plus flange to hold down 
insulators, contacts, springs, other 
electrical and mechanical compo- 
nents. 


Dodge Wedge Insert 


For threads of maximum strength 
in softer plastics. 


der is feasible and a through hole 


miniaturization of assemblies. Sizes 
0 to 3. necessary. 





Heli-Coil Unified Coarse Dodge Wedge Insert 


Thread Insert 


Phelps Flo-Lock Bushing 


A 


Stronger than straight 
knurled bushing. Fibers 
flow around fin as in- 
stalled. Axial knurl pro- 
vides additional strength 
against rotation. 


Heli-Coil Double Coarse 
Thread Insert 


€ 


Self-tapping. Provides re- 
usable threads. 


For Woods 
and Particle 
Board 


Simplified assemblies. Pro- 
vides strong, re-usable 
threads, 


Self-tapping. Increase 
thread strength. Permit 
use of shorter thread en- 
gagements. 





All of these fasteners are stock items, available for immediate delivery in a wide range of sizes. 
Heli-Coil’s experienced engineering staff will be glad to assist you in solving your fastening problems at 
the design level. Write today for detailed literature. 


HELI-COIL CORPORATION 


®Y Shelter Rock Lane, Danbury, Connecticut 


In Canada: ARMSTRONG BEVERLEY ENGINEERING LTD. 
6975 Jeanne Mance St., Montreal 15, Que. 


PHELPS MANUFACTURING DIVISION 


Heli-Coil Corporation, Danbury, Connecticut 


GRIP NUT COMPANY 
Subsidiary of Heli-Coil Corporation 
Maple Ave., South Whitley, Indiana 
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4 
~» On practically ANY Assembled Product 


a | st 
REDUCE ASSEMBLY COSTS = 
PARTS = OPERATIONS =TIME 


Aircraft 
wit 





there are opportunities to 


Business Machines 
Controls, Switches, Relays 
Components, all kinds 
Electrical Equipment 
Hardware 

Housewares 

Instruments 

Lamps and Lighting 
Machinery, all kinds 
Metal Furniture 
Ornaments, Trim, etc. 
Playthings and Novelties 
Vending Machines 

Your Product? Investigate 








Quality-controlled, vibration-proof 


PALNUT Lock NUTS and FASTENERS 


PUSHNUT® FASTENERS for plain studs, rods 


PALNUT LOCK NUTS for threaded members 


ey Ca? 
a? WEL 


> SY & nt 


A single low-cost, spring-tempered steel PALNUT Lock Nut 
replaces bulkier tapped nut, separate lockwasher, flat washer 
and sealer washer, according to application. Frequently 
costs less than plain nut alone. PALNUTS reduce bolt space for fast, low-cost, tight assembly. Eliminate threading, 


Simply push on unthreaded studs, rod, wire or pins 


annular grooving, drilling for cotter pins. Manual or power 
tool assembly. Made of spring-tempered steel, with gripping 
teeth that hold tight. Many types, sizes and finishes. 


save up to 85% of fastener weight—assemble fast with 
manual or power tools, extra fast with magnetic PALNUT 
wrenches. Many types, sizes and finishes. 


PALNUT SELF-THREADING NUTS a a for a needs 


Pi <= Push- -on pit, 
Linkage Fastener 
Rectifier Clip =f, rog and lever Turn Fastener Retainer Cp 
Form their own threads while tightening on plain for snap-in mount- assemblies. Re- —the first really for spring reten- 
studs, rod or wire of any malleable material. Provide strong ing of selenium leases for dis- low cost % turn tion of lighting fix- 
threaded assemblies without cost of threading. Easy, fast rectifier stacks assembly. fastener ture glass. 


manual or power tool assembly. Vibration-proof, resilient, 
tempered spring steel grip holds anywhere on stud, seated or 
unseated. May be removed and reused on same stud. 


These are typical special-purpose spring steel fasteners 
designed by PALNUT engineers to cut costs and simplify 
assembly. We invite discussion on any large volume needs. 


Write for detailed catalogs giving engineering data, dimensions, 


load ratings, applications. Describe application for free samples. 


65A Glen Road, Mountainside, N. J. 


Uite THE PALNUT COMPANY 
DIVISION OF UNITED-CARR FASTENER CORPORATION 


Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 
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STRENGTH 


THRIFT 


DESIGN 


... get them all with 3M Adhesives! 


The formulated talents of 3M Brand 
Adhesives can emphasize any one of 
a variety of fastening properties, de- 
pending upon which is crucial for the 
particular job at hand. But all offer 
the following advantages. . 


STRENGTH for example. SCOTCH- 
WELD® Brand Structural Adhesives 
create bonds that often are stronger 
than the materials joined! They dis- 
tribute stress loads uniformly, with 
flexibility that resists vibrational fa- 
tigue. Fastening holes are eliminated, 
material integrity is preserved, joints 
are sealed against corrosion. 

LIGHTNESS adds appeal! 3M Ad- 
hesives increase product appeal, save 
freight and handling costs, help take 
pounds off today’s metalworking prod- 
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ucts. They eliminate mechanical fas- 
teners, increase the strength of a light- 
weight assembly by distributing 
stresses evenly over a wide area. 


THRIFT is a bonus. Many operations 
are eliminated, e.g., hole-making, 
countersinking, heat treating. No bolt- 
ing, riveting, stapling, welding, braz- 
ing, sealing to do! 


DESIGN freedom: Parts are fewer, 
assemblies simpler, unions stronger, 
using 3M Adhesives. You have a wider 


choice of materials, because 3M Adhe- 
sives bond practically any kinds of ma- 
terials to themselves or other materials, 
e.g. aluminum, brass, ceramics, copper, 
glass, magnesium, permanent magnets, 
plastics, steel, stainless steel, wood. 
What sticky problem of design, produc- 
tion, or sales can these modern ad- 
hesives help you solve? Why not call 
in your nearest 3M Field Engineer for 
consultation? Or write: AC&S Divi- 
sion, 3M Company, Dept.SBS-91, St. 
Paul 6, Minn. 


“SCOTCH-WELD” is a Reg. T.M. of 3M Co. © 3M Co., 1961 


ADHESIVES, COATINGS AND SEALERS DIVISION 
MINNESOTA JUINING AND ]VANUFACTURING COMPANY 
... WHERE RESEARCH IS THE KEY TO TOMORROW 


CIRCLE 389 ON READER SERVICE CARD 


& 


389 





cca FASTENING AND JOINING 


GRIPCO TOPLOCK, NUT 


ta 


You get these 
“extras” when 
you specify 


GRIPCO PILOT-PROJECTION 
WELD NUT 


FASTENERS— 


) 
— 40 sales representatives all 


over the country for prompt, fast service. 


7, 4, 

— Quality controlled by the 

oldest established lock nut manufacturer 
in the U.S. 


—— Large inventories to ersure out 
of stock delivery on all catalogued items. 


Speed production and lower costs 
on your products with this GRIP 
Nut family of GRipcO FASTENERS. 
Qualified fastener engineers are 
available for consultation on all 
your assembly problems. Consult 
the yellow pages in your phone 
book under “Gripco”’ for the one 
nearest you. 


Other Gripco Products: 


* Brass Toplock or Centerlock nuts. 

® Miniature weld and clinch nuts, with 
or without lock. 

* Toplock and Centerlock Hi Nuts. 

* Standard Semi-finish full and jam nuts. 

* Stainless Steel lock, weld and semi- 
finish nuts. 

® Cold formed special nuts or parts to 
print. 


a 


GRIPCO CENTERLOCK NUT 


king feature in the 


t feed 


enter tor ta 


GRIPCO COUNTERSUNK 
WELD NUT 


Ai th 


Send for samples and NEW CATALOG teday 


GRIP-NUT company 


102 MAPLE AVE. 








Subsidiary of Heli-Coil Corporation, 
SOUTH WHITLEY, INDIANA Danbury, Conn. 
Phone: South Whitley 723-5111 | 
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LOK-THRED 


FASTENERS 


THEIR GRIP « 
IMPROVES 
IN SERVICE 


The 6° tapered root segments of LOK-THRED re-form the softer 

receiving metal to their own contour and pull against the work 

load. The 6° taper creates a controlled wedging action, provid- 
ing a lock that improves in use—especially under severe vibration 
or stress. 

@ PROVEN—over 18 years. Used in aircraft, auto, outboard, 
appliance, agricultural—heavy and other industries. 

@ STRONGER—uwup to 5 times greater endurance limits in connec- 
tion; 2/2 times in the thread. . . . 25% stronger in tension; 
40% in torsion, in the 60% form. 

VERSATILE—available in bolts, screws, studs, inserts, rocker 
adjusting screws, rocker support studs and many others. 
EASY TO INSTALL—uses standard tools and holes tapped 
within standard limits. 

REUSABLE—removes easily and locks when reassembled. 
ECONOMICAL—cuts installation costs . . . eliminates inventory 
of secondary locking devices . . . can be automated. 

@ UNMATCHED—in aluminum and other light metals. 


For more information on Lok-Thred, write to— 


LOCK THREAD CORPORATION,7%°2 ©. Grand Bivé.. 
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“WELL-NUT’ 


the versatile 
blind fastener that 


© dampens vibration 
e muffles noises 
e prevents leaks 


Push “WELL- 

NUT" in hole 

up to flange, 

place article in position, in- 
sert screw. 


The “WELL-NUT” is a flanged 

neoprene bushing with a brass nut 

oc bonded inside the narrow end. In 
uv screw 
until bushing 

buiges and seals hole. 


making an assembly, the narrow 
end is inserted into a hole in the 
inner panel until the flange rests 
against the surface. The 
outer part of the assembly is placed 
against the flange with the holes 
concentric. A conventional screw 
is then thrust into the bushing and 
turned into the nut, drawing the 
latter inner surface 
[he tension on the nut causes the 
bushing to bulge laterally, tightly 
sealing the hole and the threads 

Access to the inner 
the assembly is not 
The WELL-NUT” 
works equally well in hole or 
cavity. 13 standard sizes; special 
sizes available in quantity. 


outer 


against the 


MN THROUGH of the screw 


“ ‘eee surlace ol 
Typical installation—mount- 
ing instrument. in wall or 
panel. 


ROCKWELL PRODUCTS CORPORATION 
146 Central Avenue, Dept. G, Newark 3, N. J. Tel.—MArket 3-7650 


necessary 
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WHAT YOU 
SHOULD KNOW 
ABOUT 


STAND-OFF 
FASTENERS 


for tubing — piping — conduits 
wire bundles — support of equipment 


FREE! «~ NOT a sales booklet 
An objective analysis in the fastener 
field 
CIRCLE 398 ON READER SERVICE CARD 


ONE-PIECE NYLON 
Simple Installation 


@ Snug fit—no rattle @ High static strength 
and retention characteristics @ Superior wear 
resistance without abrasion @ Excellent elec- 
trical properties @ Greatly simplify stocking. 
4 basic lengths fit sheet gages from .025 to 
.250 @ Grommet is merely inserted through 
aperture. A simple tool flares protruding shank 
until induced hoop stresses flip shank back 
on itself. @ No heat needed in installation. 
Write or phone for name of nearest 
representative. 


WESTERN SKY 
INDUSTRIES 


Dept. DD * 21300 Cloud Way, Haywarg, Calif 
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BOOK REVIEWS 





Ultrasonic Welding 


ARTHUR L PHILLIPS. American Welding So- 
ciety, 33 W 39th St, New York 18. 6 x 9, 38 
pp. $1.50. 


Instead of melting metal with an 
electric current, this process welds by 
focusing ultrasonic energy at the joint. 
The vibration disrupts surface films 
and causes grains to grow between the 
two pieces of metal. This is essentially 
why ultrasonic welding has broader 
capabilities than that of older meth- 
ods. Spotwelds now can be spaced 
for optimum strength rather than for 
weld-current distribution. Also more- 
dissimilar metal combinations can be 
made because there is no melting to 
form brittle compounds. 

Concise but complete, this excerpt 
from the Welding Handbook is in- 
formative and well worth its price. 


7 


Welding Metallurgy 


ARTHUR L PHILLIPS. American Welding Soci- 
ety, 33 W 39th St, New York 18. 6 x 9, 114 
pp. $2. 


his booklet, a reprint of a chapter 
from the Welding Handbook, is a 
short comprehensive text on welding 
metallurgy of ferrous and nonferrous 
metals. It funda- 
mentals as properties and structure of 
the base metals and changes caused by 
Valuable because it 


discusses such 


welding heat. 
also tells what causes weld failures and 
what characteristics in the metal affect 
its weldabilitv. 

Welding metallurgy of these spe- 
cific metals are covered in detail: car- 
bon, low-allov and_ stainless _ steel, 
nickel, copper, aluminum, magnesium, 
titanium and their alloys. 


* 


Fatigue Properties of 
Ultrahigh-strength Steel 

H B NUDELMAN AND J P SHEEHAN. PD 171056 
(WADD Technical Report 60-120). Office of 


Technical Services, Dept of Commerce, Wash- 
ington 25, DC. 8% x 1034, 57 pp. $1.75. 


Many of our industrial practices— 
especially those in metal production 
are remnants of practices handed 
down by antiquity. Current methods 
of oxidizing steel with silicon are 
among the techniques now ques- 
tioned. silicate inclusions 
lower the fatigue strength, a new 
svstem—deoxidizing with carbon and 


Because 


continued on page 393 
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machined, stain 
i Jminum 

dle grip 
ermanent 
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National 


nuts are 


Material 


Finish 
Threads 


NATIONAL RADIO COMPANY, INC. 


MELROSE 76: MASSACHUSETTS i 
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SPECIAL NUTS ‘GRC tiny parts 


“—_ meres eat Die Cast 
to soack. 3/ 8”. 7 A. /4" ¢c ‘ Ds 51 flats “ 3 ZINC ALLOY eee “SMALL ZINC ALLOY 


Molded ‘ DIE CASTING” 


speedy deliveries A cs , Fact - filled booklet 
special rge =) « years of rst quelity PL STI ‘ contains helpful de- 
machines - ae] « E: experience signer’s check list, ex- 








tow getese S=aS clusive GRC methods 
Feared ae d UF by) wh) to help you create 





; » new products at sub- 
c ff =. ‘ stantial savings 
wae | . 
\ -—— po f 


Die Cast Zinc Alloy — ae Sip 
=~ aa 


on (2) = 
j we eal . a 2 * ae 
aS & Ty . 
So SY ww 
Molded Nylon, Delrin GRC's unique high speed, automated methods 
& Other Engineering. give you high quality, uniformly accurate small 


Thermoplastics a parts in die cast zinc alloy or molded Delrin, 


GF Nylon and other engineering thermoplastics ... 
t ¢ aD SB AT LOW COST. GRC experience and exclusive 


techniques open the way to new design free- 





= > BD dom, new production and assembly shortcuts. 
Write, wire, phone NOW for samples and de- 


tailed bulletins. Send prints for prompt quotation. 
Gr Va | NO MINIMUM SIZE! MAXIMUM SIZES: 
} Zine Alloy—2” long, 2 oz. 
By Be | Plastic—134” long, .05 oz. 


Gears & Pinions = 
-_~ 


GRIES REPRODUCER CORP. 
World’s Foremost Producer of Small Die Castings 


159 Beechwood Ave., New Rochelle, New York © NEw Rochelle 3-8600 
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MINIATURE HEADLESS 
SLOTTED SET SCREWS 


. put your needs in 
MOORE'S capable hands 








Here are a "a fowr'e somples made to 
| Our batteries of special high-speed multi-s; 
| machines make possible fast and accurate production of 
hexagon nuts of non-standard height and special ee 
from carbon or alloy steel, Noval bronze or 
' ferrous metals; also AN 310 through AN 335 as 
Airforce specifications. Very often the special nut he 
may be similar to one we are already making and 
modification would result in a price advantage 
deliveries to you . . Send us your blueprint and 
—let us quote on your requirements’. . We also hi 
catalog that contains complete ; - : , 
|. data and i prices regarding our standard nuts, 24 Wherever you require precision miniature headless slotted 


Manufacturer of Standard and —— set screws, you can depend on Moore to meet your require- 
‘ , ments to complete satisfaction. Prices are right. Delivery is 
12 Pointer, Sguareand Hexagon Mats pe i 





: fast. And quality is to the highest industry standards. Avail- 
Auglock ” and ” Coneloh” locknuts. ff able in sizes #0 through #4 in a wide selection of materials, 


finishes, lengths and points. 
NATIONAL MACHINE ’ 
Specify Moore and be sure. Dependable quality 
Pp be °o D U T Ss Cc ©] be Pe A - Y for over 80 years. Write for price catalog. 


44250 UTICA ROAD 
ae MICH 802°? > 9 2 George W. Moore, Inc. 


: SET SCREWS since 1880 
92 Beaver St., Waltham 54, Mass. ‘ 
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BOOK REVIEWS continued 


aluminum—was compared in this pro- 
gram. The carbon-aluminum system 
gave substantial increases in fatigue 
strength. Data given, however, are 
not directly usable in design because 
fatigue-strength studies were based on 
the Prot fracture system. Such values 
are only useful for comparison, be- 
cause the Prot method is a shortcut 
technique that increases stress with 
each cycle on a rotating beam speci- 
men. Breaking load and number of 
cycles are then compared. 


* 


Engineering Economy 
WILLIAM T MORRIS. Richard D Irwin Inc, 
Homewood, Ill. 6 x 9, 506 pp. $10.50. 

Here is detailed, analytical, and 
often quite mathematical approach 
to the problem of engineering man- 
agement decisions. Emphasis is on 
costs, production and sales, rather than 
on testing and design—although many 
of the procedures and concepts are 
applicable to the latter topics. 

The book covers: fundamentals of 
engineering decisions, managerial eco- 
nomics, decisions under certainty, ob- 
taining the alternatives, sources of 
information, prediction and judgment, 
evaluating intangibles, taxes, replace- 
ment policy, a review of probability 
theory, decisions under risk, the recog- 
nition of risk vs assumed certainty, 
decisions-under-risk examples, inven- 
tory policy, bidding policy, purchasing 
policy, decisions under uncertainty, 
decisions-under-uncertainty example, 
game theory, statistical decisions, di- 
versification, decisions under pressure, 
measurement—the unsolved problem, 
the economics of automation, simu- 
lated decision making, how decisions 
are made. 


Technical Writing Techniques 
for Engineers 

JOSEPH RACKER. Prentice-Hall Inc, Englewood 
Cliffs, NJ. 6 x 9,234 pp. $6.95. 

There is some help in this book for 
the engineer-author, but its contents 
are aimed more at that modern-day 
specialist, the so-called ‘technical 
writer” who puts out handbooks, man- 
uals and the like. This may explain 
why the book doesn’t deal much with 
the many clements of effective writing. 


continued on page 394 
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Samples and complete technical data 
on the new 


Point” Socket Set Screw 
by Parker-Kalon 


Job-test this revolutionary new socket set screw in your own applica- 
tions . . . get the highest degree of holding power ever attained. See 
how this new cup edge and pivot point development gives cleaner, far 
more uniform circular tracking — eliminates wobble and tipping. 
Greater contact area provides: 

30% MORE BACK-OUT TORQUE 

50% MORE RESISTANCE TO VIBRATION 

50% MORE RESISTANCE TO ROTARY SLIPPAGE 

ALL THIS — AT NO INCREASE IN PRICE! 


ing, better contact than conventional cup-point variety (right). 


Look to P-K® ‘or socket screws for every design requirement— 
including the vibration resistant LONG-LOK with nylon-type polymer 
insert—the most complete line in the industry. 

Write today for free samples and Technical Bulletin #1106. 


PARKER-KALON 


PARKER-KALON a division of General American Transportation Corporation 
Clifton, New Jersey @ Offices and Warehouses in Chicago and Los Angeles 
Available from Industrial Distributors coast-to-coast 
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PROVIDE VIBRATION-PROOF HOLDING 
AND QUICK, FOOL-PROOF RELEASE! 





brazing 


handbook 


Contains Information On... 


Designing for Preforms 
Round and Flat Wire Rings 
Curved Washers and Shims 
Types of Blanked and 
Edgewound Washers 


No Tangle Notch Coil Rings 
Types of Flux and Applications 
Alloy Selection Charts 

Gold, Silver and Aluminum 
Brazing Alloys — Soft Solders 


Send for your free copy today! 


LUCAS-MILHAUPT 


Engineering Co. 


5056 South Lake Drive, Cudahy, Wisconsin 
CIRCLE 757 ON READER SERVICE CARD 


APPROVED UNDER ARMY-NAVY STANDARDS 


394 


Here’s a simple, easy means of securely 
fastening assemblies to withstand shock or 
vibration, and yet allow quick removal for 
inspection or repair. Instant snap action en- 
gages or releases fastener . . . no tools 
are required! After installation, fasteners 
never need adjustment . . . even with re- 
peated use. 

Three sizes available for different load 
requirements. Large and medium sizes are 
made of corrosion-resistant stainless steel. 
Small size is made of nickel-plated brass. 
Stock parts fit various thicknesses of flanges 
and mounting plates . . . special parts 
can also be supplied. 


202 E. SIXTH STREET 
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DAYTON, 


OHIO 





| BOOK REVIEWS..... 


. .continued 


And one of its formulas, “Start writ- 
ing—anything concerning the subject 
—and then keep going” would make 
the experienced writer smile wryly: It’s 
not that simple. But the book does 
have strong points. One is its details 
on the proper handling of sketches and 
other illustrative material. Another: 
though the book lacks an index, almost 
half of its pages are devoted to eight 
valuable glossaries—Air Force Terms, 
Automation Terms, Computer Terms, 
Electrical and Electronic Terms, 
Guided Missile Terms, Radio and 
Radar Navigation Terms, Space Tech 
nology Terms, Transistor Terms. 


WG 


| Off-the-road Locomotion 
| M G BEKKER, The University of Michigan Press, 


Ann Arbor, Mich. 6 x 9, 220 pp. $10. 
This book offers systematic research 


| on the self-propelled vehicle as a unit 


in relation to environmental terrains. 


| The author demonstrates how predic- 


tions can be made of vehicle perform- 
ance and design parameters and dis- 
cusses soil and snow mechanics, tracks, 


| wheels and tires, as well as general 


factors associated with vehicles at 
assumed optimum performance. Im 
portant developments in industry and 
education are described to support the 
contention that automotive research 
can remain vital only if it is broadened 
to include theoretical as well as design 
analysis. 
+ 


The Measure of Man 
HENRY DREYFUSS. Whitney Library of Design, 
18 E 50th St, New York 22. 934 x 125%. $4.95 

This folder of material deals with 
those human factors involving anthro- 
pometric dimensions important to 
product design that have appeared in 
a number of periodicals (including 
Propuct ENGINEERING over the 
years, since their development began 
during World War II. Now they have 
been brought up-to-date and reflect 
much of the newest data developed 
by a number of governmental and 
other organizations, including the in- 
dustrial design staff employed by the 
| author himself. 

Included in the hard-cover folder is 
a 16-pp booklet containing a foreword; 





nomenclature (for the anthropometric 
diagrams and charts); a checklist of 
product elements wherein human fac- 


continued on page 396 
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SETKO self-locking 
set screws... 


WIN FOR YOU EVERY TIME! 





LIVERMONT 


TORQUE-LIMITING SCREWDRIVERS 
FOR PRECISE TORQUE CONTROL 


MODEL CAL-30 


Mode! CAL-30 meets requirements of MIL-H-26497 
Calibrations are clearly marked and magnified, 

for quick, easy reading. Disappearing thumb screw 
permits quick change of torque. (Torque setting 


can be sealed for production use.) 


(capacity: 2 to 30 inch pounds) 


FACTORY STOCKS IN KEY AREAS 
EXCLUSIVE FACTORY AUTHORIZED DISTRIBUTORS 





BEBO ASSOCIATES 
BRIGHTON 35, MASS. 
COCHRAN & CO 

LEMON GROVE, CALIF 
CUMMINGS & CO. 

WICHITA 2, KANSAS 

Cc. P. ENSTON CO 
CLEVELAND 14, OHIO 
GARRETT SUPPLY CO 

LOS ANGELES 58, CALIF 
HIGGINSON EQUIP. SALES LTD. 
BURLINGTON, ONTARIO CANADA 
MEYER-EKSTROM COMPANY 
MELROSE PARK, ILLINOIS 
MONROE & COMPANY 
CINCINNATI, OHIO 

NASCO DISTRIBUTING CO. 
KENILWORTH, NEW JERSEY 
RICHMONT MICHIGAN SALES 
DETROIT 35, MICHIGAN 
SLOSS & BRITTAIN, INC 

SAN FRANCISCO 3, CALIF 

T. &. SWEET & CO 

SALT LAKE CITY, UTAH 

TOOL PRODUCTS CO. 

DALLAS, TEXAS 

W. P. YOUNGER CO. 
CHARLOTTE 1, N.C 


MODEL PM-5 


The Livermont PM-5 screwdriver is designed for elec- 
tronic, and similar precision assembly work where 
extreme torque accuracy is required. Indicates for both 
left and right hand threads, and will accurately, safely, 
tighten the most fragile fastener, of metal or plastic. 
NOTE: FAR EXCEEDS ACCURACY REQUIREMENTS 

OF MIL.H.2649 


(capacity: 4 to 80 inch ounces) 


FOR EVERY TORQUE APPLICATION 
THERE IS A DEPENDABLE LIVERMONT TOOL 
AMALYTERS INTERCHANGEAGLE HEADS 
ADJUSTABLE WRENCHES TORQUE CONTROL SYSTEMS 
PRE-SET WRENCHES CALIBRATION EQUIPMENT 
TORQUE HANDLES DEAD WEIGHT TEST KITS 


LOOK TO THE LEADER 


FRICHMONT INC. 


| 
“THE HOME OF TORQUE” 
| 


922 SO MYRTLE AVE MONROVIA. CALIFORNIA US A 
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moORE 
vOCKING 
ACTIONS 


FREE 
ENGINEERING 
RECOMMEN 
DATIONS 


Setko Catalog 23 gives complete 
data and includes the exclusive 
Setko Self Locking Set Screw 
Pe Chart. Write for a 


copy on your company 
letterhead today. 
= DAfg.Co. 


153 Main Street, "eastbetisttinals 
2,778,265 *Pat. Applied for 821R 


Need a fast solution 
to a fastener problem? 


YOU GET INDIVIDUALIZED SERVICE 


FROM THOMPSON-BREMER 


We are one of the few fully integrated manufac- 
turers of Sems, lock washers, thread-cutting 
screws, terminals and cold-headed specialties. 
Since our engineering services and components 
manufacturing are together under one roof, we 
are particularly well able to give you fast, in- 
dividualized service at competitive prices. We’ll 
bid on your specials requirements, or fill orders 


Thompson-Bremer & Co. 
Division of 

American Machine 

& Foundry Company 


tn Sveclook 


INDUSTRIAL FASTENERS 


Thompson-Bremer & Co. 

Dept. 6137 

228 N. LaSalle St., 

Chicago 1, Illi. 

Please send me____ EVERLOCK fastener cata- 
logs and__ _sample sets of EVERLOCK indus- 
trial fasteners and cold-headed specialties. 


Name — —— Title 


for standard items on short notice from the 


extensive line of EVERLOCK products stocked 
by your local distributor. Send for catalog and 
samples or call your EVERLOCK representative. 
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WELDING 


PRIMARY FASTENER 


GW SCREWS—-Used where 
design requires a smooth 
unmarred surface and a 
fastener permanently fixed 
in place. 


OHIO WELD FASTENERS 


AS THE PRIMARY FASTENERS IN FASTENER 
ASSEMBLIES MEAN .. . 


LIGHTNING-FAST APPLICATION BY RESISTANCE 


> PRIMARY FASTENER PERMANENTLY POSITIONED 


>, ASSEMBLY OF PRODUCT COM- 
PONENTS—MADE POSSIBLE BY PRE-ATTACHED 


HW SCREWS—Used where 
a self-locating through bolt 
is required to be fixed se- 
curely in place so that it 
will not turn and flush sur- 
face is required for attach- 
ing mating parts. 





HH SCREWS—Used where 
a single, button-type pro- 
jection is required when 
welding to curved surfaces, 
to heavy sheet 3/32” or 
thicker, or to ends of rods. 


XN NUT with precision pilot 
and recessed target elec- 
trode area. Provides opti- 
mum weld even with light 
spot-welding equipment. 








WF NUTS Used where the 
nut serves a mounting pur- 
pose or greater thread en- 
gagement is required than 
is normally provided by 
other type weld nuts. 


41 FIRST STREET 








SS SCREWS—Used where a 
screw with narrow head is 
required to be spot welded 





RN NUT with pilot and 
dual-line projections. Ideal 
in applications where ten- 
sion is against the weld. 





RH NUTS Used where it is 
desirable to have the body 
of the nut go through the 
sheet or where extra long 
thread engagement is 
needed. 


Ohio stocks a complete line of over 500 weld 
nuts and screws for immediate shipment. 


Write for complete Ohio Catalog. 


THE OHIO NUT AND BOLT CO. 


BEREA, OHIO 
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BOOK REVIEWS continued 


tors are generally involved; a bibliog- 
raphy; diagrams of standing and sitting 
adults and children together with data 
on visual, motion, control and display 
cata; life-size diagrams of adult male 
and female figures. 

As the reader is repeatedly warned 
in the foreword, this material is suit- 
able only as a guide to the application 
of human-factors phenomena to prod- 
uct design—none of the information 
can be considered as a “handbook” or 
“manual” ready for instant-application 
to controls, data display or dynamic 
seating. Instead, it is to be used as a 
highly useful adjunct to the designer’s 
own imagination in fitting his work 
more exactly to its ultimate consumers. 

And as Mr Dreyfuss points out, 
human-factors data is constantly 
changing: new information is being 
developed all the time and people 
themselves change—as well as the 
tasks they are called upon to perform. 
He suggests that following the liter- 
ature regularly is the ultimate answer, 
and points to the bibliography he has 
included as a good place to begin (see 
also PE—Sep 12 ’60, pp 71-74).—JK 


"7 


Nondestructive Testing 


WARREN J McGONNAGLE. McGraw-Hill Book 
Co Inc, 330 W 42nd St, NY 36. 6 x 9%, 455 
pp. $15. * 

The physical principles, techniques, 
advantages, and limitations of the 
various methods of nondestructive 
testing are covered in detail. Based 
on applied physics, the treatment in 
the book stresses non-destructive 
testing as a science, and outlines the 
what, why, how, when, and where of 
this rapidly developing technology. 
This type of testing is concerned not 
only with the detection and location 
of flaws in material, but also with the 
measurement of physical properties or 
nonuniformities in the physical proper- 
ties of specific materials. 

Among the major testing procedures 
treated here are visual testing, pressure 
and leak testing, liquid-penetrant in- 
spection, thermal methods, X-ray and 
gamma radiography, ultrasonics, dy- 
namic testing, magnetic and electric 
techniques, and eddy current methods. 

Other topics include nondestructive 
test work in the field of atomic en- 
ergy, thickness measurements, and 
specialized techniques as spot tests, 
and sulfur printing. 
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MOTORS, ENGINES 
AND CONTROLS 


HOW MULTIGRADE OILS AFFECT ENGINE FRICTION AND WEAR 
by E H Okrent 


COMPENSATING DC MOTORS FOR FAST RESPONSE 


CONTROLLING STEAM TURBINES 
by A A Luoma and R Del Vecchio 


IN DEFENSE OF CAMS FOR CONTROLS 
by Harold A Rothbart 


DESIGN ABSTRACTS 


TRENDS: 


@ A practical speed controller for almost any type of motor is nearly a reality 
today and before too long you should have this wide choice: variable-frequency 
static-type drives using conventional ac squirreleage motors (many manufac- 
turers have static power-inverters in the prototype stage); variable-voltage de 
drives using semi-conductors (silicon-controlled rectifiers) to convert 60 cps ac to 
voltage-controlled de (already in production); 2-speed single-winding 3-phase 
squirreleage motors that can be adjusted to select any pair of speeds by simply 
interchanging connections to the six terminals in a preselected pattern (a British 
commercial adaptation of an old principle) ; simple reactor-capacitor drives for 
de motors wherein speed is held constant for any given setting despite large load 
variations; simple reversing schemes for all types of motors, including fhp sizes; 
and special variable-speed drives for unusual applications. 

Primary engines and power sources are also on the move—high-efficiency small 
gas turbines, fuel cells, thermoelectric generators, to name a few. Some are 
already in prototype use; look for many more product applications for them in 
coming months. 7 
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From: ASLE paper 


HOW MULTIGRADE OILS 
AFFECT ENGINE FRICTION AND WEAR 


E H OKRENT, 


senior engineer 
Esso Research & Engineering Co 
Linden, NJ 


Nix multigrade lubiication oils have 
ippeared in recent years which give 
easy engine starts in cold weather and 
still lubricate properly when the en- 
gine is hot. Small amounts of polymer 
VI-improvers blended with _ the 
straight mineral oil make the differ- 
ence. VI is viscosity index, a measure 
of how much viscosity changes with 
temperature; thus the blend thickens 
less at low temperatures. In addition, 
the polymer is a non-Newtonian 
liquid. At the high shear rates and 
stresses of cold starting, it drops tem- 
porarily in viscosity by alignment of 
the molecules parallel to the direction 
of shear. This is fine for cold starting, 
but it leads to the questions: Doesn’t 
1 temporary viscosity loss mean the oil 
can carry less load, and therefore will 


1..FRICTION drops with polymeric VI— 
improvers in oil. Engine is putting out 52 
bhp at 3000 rpm 


Non-Newtonian polymer additives that improve the vis- 


cosity index perform differently than mineral oils. Con- 


trary to what was feared, they reduce friction and wear. 


cause more wear? And won’t increased 
wear cause increased friction because 
of metal-to-metal contact? Let’s look 
at the answers. 


FRICTION 


VlI-improved blends reduce engine 
friction below that for a mineral oil 
of the same viscosity and sometimes 
below that for the base oil. 

In Fig 1 are friction-viscosity curves 
from tests with a 1957-model Ameri- 
can V-8 engine. For mineral oils the 
curve is normal. To the left of the 
5.7-cs minimum there is predomi- 
nantly boundary lubrication. To the 
right there is predominantly hydrody- 
namic lubrication. 

Blends act as if they had the vis 
cosity of the base oil, when the base 


oil has a viscosity above 5.7 cs. When 
the base oil has a viscosity below 5.7 
es, friction is lower than it would be 
for the base. In fact, the curve for 
the latter cases is independent of the 
base. 

Deterioration causes little difference 
in friction between polymer blends 
and mineral oils. Comparison tests 
with used oils indicate that they be- 
come thinner by about the same 
amount. Mineral oils below 7.5 cs 
show a 3-4% drop in viscosity; those 
above show a 5-9% drop. Permanent 
polymer breakdown and dilution ac- 
count for 7-10% viscosity loss for 
polymer blends. 


WEAR 


Polymers also reduce bearing wear. 





Corrected friction horsepower 


ee Gee Fe L 





Mineral oils 


s R64, 0% Polymer oils 
~. oA 


O Porotfinic 
distillate At 
polyisobutylene 

A Cetane t 
polyisobutylene 





fier a SE eT 





Lipiiil 
4 6 810 20 


40 


Lubricant viscosity at 210 F,cs 
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Fig 2 shows results of tests with a 


1956 American V-8 engine using ra- 
dioactive connecting-rod bearings. 

In Fig 2 there is a curve for straight 
mineral oils, for comparison. At 5.9 
to 6.5 cs there is a transition between 
low-wear oils and high-wear oils. This 
occurs at about the same viscosity as 
the transition from boundary to hydro 
dynamic lubrication on the friction 
curve. 

On the lower curve are blends of 
the same base and differing amounts 
of polymer. All wear rates are lower 
than mineral oils with the same vis- 
cosities, and the transition zone is 1.5 
cs farther to the left. 

In other tests mineral oils were 
thickened so that all the blends had 
the same viscosity. The blends with 
the lightest bases gave the least wear. 

Still another variable affecting wear 
is polymer concentration. For con- 
ventional polymers, wear drops with 
increasing polymer concentration until 
it reaches an asymptotic value (Fig 3). 
Multifunctional polymer brings an 
even greater improvement, even in 
blends with cetane. Without the 
polymer, an engine using cetane could 
only run 1.5 hr before failure. 

A possible partial explanation for 
the better performance of polvmer 
blends is that oil in the bearings is 
hotter than the 210-F inlet tempera- 
ture. If so, the plots use wrong vis 
cosities. A temperature rise thins min 
eral oils more, so the polymer blends 
would look better than they are. How 
ever, even at 400 F this possibility 
doesn’t account for all the difference 
in wear. 


WHY THE IMPROVEMENT? 


Test results reveal temporary vis 
costly loss as a paper tiger; there need 
be no fear that it will raise wear. At 
the same time the tests destroy tem- 
porary viscosity loss as an explanation 
for low friction. Instead, the results 
point to a probable single factor to ex- 
plain why polymers lessen metal-to- 
metal contact, and therefore wear and 
friction, regardless of the viscosity of 
the base. No one knows the factor 
vet, but it could be one of the follow- 
ing. (1) The blend undergoes a tem- 
porary viscosity loss, resulting in a 
higher flow rate and therefore a lower 
operating temperature though input 
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2..WEAR RATE is affected by blend viscosity. 


Engine is producing 90 ihp at 3000 rpm. 


Base oil is paraffinic distillate A. 
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3..WEAR RATE decreases as polymer concentration increases. 


temperature is the same. (2) Dur- 


ing the short loading times the blend 
responds elastically instead of vis- 
cously. (3) Viscosity at the bearing, 
as opposed to viscosity measured by a 
viscosimeter, may be much _ higher 
than that of straight mineral oils be- 
cause of surface effects which become 
important at small clearances. 


REFERENCI 


“The Effect of Lubricant Viscosity and 
Composition on Engine Friction and 
Bearing Wear,” by E. H. Okrent, Esso 
Research and Engineering Co, Linden, NJ 
Paper presented at the ASLE/ASME 
Lubrication Conference, Boston, Oct '60, 
American Society of Lubrication Engineers 
paper No 60-LC-8. 
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From: Control Engineering 


COMPENSATING DC MOTORS 
FOR FAST RESPONSE 


Inductance, rather than inertia, is sometimes the greater 
obstacle to fast acceleration of de motors. Compensated motors 
solve the inductance problem and are more adaptable to field 
forcing and severe duty cycles than conventional de motors. A 


simple check helps to decide when to specify them. 


S W HARRIS, product design engineer 
Computer & Control Engineering 
Ordnance Dept, General Electric Co, Pittsfield, Mass 


WV hen selecting a de motor for a closed-loop system, 
the engineer often considers only the inertial or mechani- 
cal time constant of the motor. He bases his calculations 
for stability, allowable amplifications, accuracy, and speed 
of response on its value alone. But this neglects a second 
vital factor, the inductive time constant (see box “Analyti- 
cal Studies”) which at times actually imposes far greater 
limitations on system performance than does the mechani- 
cal time constant. This oversight is especially unfortunate 
because excessive inductive time constants are easily re- 
duced by a simple expedient: the use of compensated 
motors. 

When the damping factor (see box) is less than 0.6, the 
time constant is the dominating factor, and 
the control engineer must seek some means to reduce it. 
(he simplest solution to this problem is often the choice 
of a compensated de motor—for the following reasons. 


inductive 


Armature circuit inductance 


Ihe inductance of a de-motor circuit is primarily a 
function of the geometry of the windings, the number of 
turns, and the permeability of the iron structure. Its 
major components are as follows: 

1. Inductance due to flux crossing the main pole gap. 

Inductance due to flux across the armature slots. 

3. Inductance due to flux across the interpole or com- 

mutating pole gap. 


. PATHS OF ARMATURE-REACTION and commutating-field 
uxes. 


400 


4. Inductance due to leakage flux linking the commu- 
tating pole coil and the armature conductors. 

Fig 1 shows location of the first three fluxes in a typical 
shunt machine. The fourth flux exists mainly in the 
interpolar space and on the ends of the armature and pole 
punchings. 

Motor designers can reduce armature-circuit inductance 
by using compensating windings, by decreasing pole arc, by 
increasing or grading the airgap, and by other means that 
lessen or eliminate flux linkages. In general, all standard 
industrial shunt-wound motors feature some grading of the 
airgap to lower inductance and armature reaction. How 
ever, a further increase in airgap grading requires a pro- 
portional increase in field power that can cause the machine 
to overheat. The same is true when pole arc is decreased. 
The most practical way by far to cut armature-circuit in- 
ductance appreciably is to use distributed compensating 
or pole-face windings. Depending on other machine param- 
eters, the value of inductance may be cut to from one- 
third to one-sixth that of comparable shunt machines. And 
in specially designed machines, even greater reductions are 
feasible. 

lig 2 shows arrangement of the compensating winding in 
the pole-face slots. The winding is in series with the arma- 
ture and commutating poles and carries the same current. 
However, the design is such that the direction of current 


> 


flow is opposite to that of the armature. Fig 3 illustrates 


Compensating 
— windings 


® 





2. .CROSS-SECTION OF DC MOTOR shows location of compensat- 
ing winding. 
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the interaction of the mmf (magnetomotive forces) set up 
by each of the armature-circuit windings. Because the Main pole Armoture 
number of compensating winding turns is equal to the conductors 
number of equivalent armature turns under the main pole, | 
they effectively cancel the mmf of armature conductors. ge ee | 

The effects of the compensating winding are: 4 20 Py PNY / 

1. The component of armature inductance due to flux 
circulating through the main pole airgap is substantially 
eliminated. 

2. The number of turns on the commutating pole can 
be reduced by an amount equal to the number of compen- 
sating winding turns, because the latter set up mmf’s aid- Armature 
ing the commutating poles. Hence, the component of in- 
ductance associated with commutating-pole leakage flux (A) 
is reduced. The reduction is considerable, being propor- 
tional to the square of the ratio of reduced commutating 
coil turns. 

3. The end-winding components of inductance is sub- 
stantially lowered because the end connections of the com- 
pensating winding usually project over the end windings 
of the armature and their ampere turns are opposed. 
4. One disadvantage is the addition of a component of Main pole ~ 
inductance due to flux crossing the slots that carry the 
compensating winding, Fig 4. This component is identical eae, 
to the armature-slot leakage flux, and its value is roughly eat ’ 
equal to y times armature-slot leakage inductance, where y 
is the ratio of pole arc to pole pitch. The armature-slot mire ¢ Sie 
leakage flux component of inductance is generally small, \ 4 / / / 
usually below 10% of the total inductance. Therefore, a — —— a 
the additional inductance does not appreciably diminish Ming teem” 
the over-all improvement. sag 

The net result of adding compensating windings, then, Armature 
is a significant reduction in inductance. At the same time, 
however, the armature-circuit resistance is raised. While (B) 
this increase causes a further reduction of the inductive 
time constant, it makes the mechanical time constant 2. CLANS OBE OF ty comment to arma- 
greater at the same time. The reduction in inductance, 
however, has the greater effect. The inductive time con- 
stant is reduced generally to from one-third to one-sixth 
of its original value, whereas the mechanical time constant 
is increased by only 5 to 30%. Thus, the over-all motor 
time constant, which is proportional to the square root 
of the product of T, times Ty, is smaller. 

If the power-supply impedance and load inertia exactly 
match the motor impedance and inertia, then the values 
shown in Table I are the actual motor time constants. 
Generally, optimum over-all performance is obtained bv 
matching the power supply and load in this manner. 


























Compensate 
windings 





























Effects of compensation on performance 








In the normal shunt machine, armature current sets up 
cross or transverse magnetization that distorts the main 
field, Fig 5. If armature current is high, the cross mmf 
may actually exceed the main-field mmf at one pole tip 
and thus cause a reversal of flux there. Because of satura- 
tion, the flux at the opposite tip cannot increase by a corre- 
sponding amount so that a net reduction of main-field ex- 
citation results. This weakened field leads to a loss of 7 
torque which is proportional to fhe loss in flux. In addi- Armature” 
tion, the distorted field excitation causes excessive peak 

° s 4..LEAKAGE FLUX across pole-face slot, 
commutator bar-to-bar voltages under the pole tip having which contributes to motor inductance. 
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COMPARISON OF TYPICAL COMPENSATED AND CONVENTIONAL MOTORS RATIO 





Conventional Shunt 


Rating Tz Tw Ti Tw 
0.0265 
0.0252 
0.0258 
0.0211 
0.0348 
0.0421 


0.796 
0.676 
0.45 

0.212 
0.174 
0.184 


7 hp, 1750 rpm 
10 hp, 1750 rpm 
20 hp, 1750 rpm 0.0287 
60 hp, 1750 rpm 0.0498 

125 hp, 1750 rpm . 

150 hp, 1750 rpm 0.115 


0.0167 
0.0187 


0.0423 
0.0341 
0.0231 
0.008 ,96 
0.0121 
0.0155 





Compensated Shunt /Compensated 


Tz’ mu’ Tz’ Tx’ Tr/Ty’ Tr T/T’ Tu’ 
.0137 4.2 93 
3.95 94 
4.34 02 
5.06 19 
3.43 66 
3.43 75 


003,98 
004,74 .013 
006,61 0128 
009, 82 .009,61 
.0292 0209 
0336 024 








Tx includes resistance and inductance of motor-armature circuit only. 
Iw includes inertia and resistance of motor only. 


the higher flux density. This condition is accompanied by 
destructive sparking or flashover at the brushes under high 
loads. 

Because torque depends on both current and flux, dis- 
tortion or reduction of main field excitation places a defi- 
nite limitation on the torque available from an ordinary 
shunt motor. Therefore, initial calculations of maximum 
acceleration rate may be in error if the motor is to be 
operated beyond the point where essentially constant flux 
exists. Similarly, a reduction in flux with overloads causes 
a drop in counter emf and an increase in speed. If the 
overload is high enough, it is possible for runaway to occur. 

Compensating windings overcome these drawbacks to 


optimum motor performance. Clearly, if the transverse 
mmf of the armature (armature reaction) is balanced by an 
equal and opposite mmf having the same distribution in 
space, the distortion of the field is completely eliminated. 
This, in fact, was the original purpose of the compensating 
windings. And counteracting armature reaction by the use 
of these windings means a more linear torque-vs-current 
characteristic as well as higher peak torques, Fig 6. 

The higher peak-torque capability is probably the most 
important advantage of the compensated motor. It allows 
forcing of the machine under transient conditions, result 
ing in faster response. 

Some other advantages of the compensated motor are: 





Analytical studies of the transfer functions of dc motors 
have shown that the over-all time constant T must be 
optimized when fast acceleration or response is required. 
The time constant is as follows: 


T = v Tu T1 

mechanical time constant, defined as the time in 
seconds to accelerate the motor and load inertia to 
63.2% of its final speed when a de voltage of con- 
stant magnitude is suddenly applied to the motor 
terminals. 
71 inductive time constant 

circuit or the familar L/R. 


where T’,, 


of the 


motor armature 


The mechanical time constant is found from the following 
equation: 


RJ 
Kr K, 
total motor-armature-circuit resistance, ohm 
total motor and load inertia referred to motor shaft, 
slug-ft-sec? 
Ky torque constant of motor, lb-ft per amp 
K voltage constant of motor, volts per rad per sec 


Tu = 


where R 


While performance analysis should always properly begin 
with examination of the over-all time constant, the control 
engineer will find that under certain circumstances either 
ry or T, will be the dominating factor. In this case, the 
analysis can proceed on the basis of the dominant time con- 
stant (see note at right). The criterion for determining 
whether or not a single constant dominates is the damping 





ANALYTICAL STUDIES 


factor {, or: 
m Tm ah | Tx 
“OV TT WT: 

When { is greater than 1 (i.e. when Ty is greater than 
T.) the motor performance is generally dominated by the 
mechanical time constant. When Ty is considerably more 
than T,, the effect of T, can be neglected and motor 
selection made purely on the basis of the mechanical time 
constant. Under these conditions, conventional or modi- 
fied shunt-wound, separately excited motors give the 
desired performance, provided large peak torques and high 
linear torque per ampere are not required. 

When £ is less than 1, which indicates that T, and Ty 

are of the same order of magnitude, the over-all motor 
time constant \/TyT, prevails. Optimum response is 
obtained when the damping ratio ¢ has a value greater than 
0.6 but less than 1.0. As T, becomes equal to Ty, the 
response tends toward instability. And a damping ratio 
lower than 0.4 produces a definite oscillatory response that 
might be quite objectionable. 
Note: In some cases T, can be ignored (when T,, is domi- 
nant). When T, is dominant then something has to be 
done to reduce it, otherwise instability may occur. Note 
that T,, is always present. When T, >> T, the time 
constant is T, alone (ignoring T,). When ¢ < 1 
the time constant is \/T mT. 
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Resultant je Brush axes —a| 


Armature 
flux density 


S..DISTORTED FLUX PATTERN resulting 





Main-tield << , 
| flux density 


1. Minimized flashover. 

2. Improved commutation because of more uniform bar- 
to-bar commutator voltages with reduced peaks. 

3. Longer brush life. 

4. Permits operation with high fluxes, a necessary con- 
dition for optimum motor design. 

5. Permits smaller airgaps, which require less main field 
power. Lower main field dissipation can result in a small 
improvement in efficiency, although the primary benefit is 
from the standpoint of motor heating and service life. 

6. Allows use of concentric airgaps, which also reduce 
main field power and yield a more uniform bar-to-bar 
voltage. In contrast, most standard shunt motors employ 
graded airgaps to increase the reluctance of the airgap at 
the pole tips and thereby minimize the effects of armature 
reaction. But grading increases effective gap length and 
requires more mmf for a given flux. Grading also causes 
high flux densities in the armature teeth under the center 
of the pole, which also calls for an increase in the main 
pole mmf. 


Availability of compensated motors 


Most manufacturers of dc motors offer a wide range of 
compensated motors from fractional hp up through the 
largest integral-hp sizes. In the past, most of these ma- 
chines were custom designed for particular applications. 
The use of compensated motors was accelerated during 
World War II to provide the high degree of accuracy, 
rapid acceleration and fast response required for gun fire 
control, radar antennas, and other servodrives. This led to 
the development of complete lines of compensated motors, 
particularly in rating below 100 hp. 

In the past, militarv applications of compensated mo- 
tors have far exceeded industrial applications. However, 
with industry's new emphasis on higher accuracy and 
faster response, the compensated de servomotor is finding 
more applications there. Some recent examples are steel- 
mill drives and machine tools. 

A direct price comparison between compensated motors 
and conventional shunt motors cannot be made, because 
costs vary considerably over the range of available ma- 
chines. In general, however, the prices of compensated 
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from interaction of main-field and armature- 
reaction mmf’s. 
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6. .TORQUE-CURRENT CHARACTERISTICS of separately excited 
shunt motor compared with that of compensated motor. 


motors are higher than their conventional shunt equiva- 
lents because of their special construction and shorter pro- 
duction runs. The price differential extends from 10% 
in the larger hp ratings to more than 100% for the smaller 
sizes. Since the use of the compensated types often makes 
it possible to get along with a smaller frame size for a given 
load, this could make the cost of a compensated drive for 
a specific application actually less than the cost of an ac- 
ceptable shunt-motor drive of conventional design. 


REFERENCE: 

“Compensating De Motors for Fast Response,” S. W. Harris, 
General Electric Co. Published in Control Engineering, Oct ’60, 
p 115-118. 
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1... DIRECT ACTING fiyball speed governor has no power boost. 


CONTROLLING STEAM TURBINES 


Automatic systems regulate speed, process steam pressure 
and output of driven machinery, and protect equipment 
and personnel. Here’s how they work. 


A A LUOMA 

R DEL VECCHIO 
Worthington Corp 
Harrison, NJ 


WME ost common turbine control systems hold speed con- 
stant as load varies, keep process steam bled from the 
turbine at constant pressure, or do both. A less common 
type varies turbine speed to hold output of the driven 
machine constant. In addition, safety trips on all systems 
protect against overspeed or other malfunctions. 


Holding constant speed as load varies 


Speed governors are flyball mechanisms. They either 
act directly on the steam valve or valves, or through a 
power-amplifying servomotor. 

The direct-acting flyball governor is simple and rugged. 
On single-stage mechanical-drive turbines, its relatively 
small power can accurately position the inlet valve for 
speed adjustments up to 20%. It will operate at speeds 
from 1000 to 5000 rpm and at steam pressures up to 
600 psi 

All the force to operate the valve comes from flyballs 
rotating on arms at a proportion of turbine speed. The 
arms pivot against a spring-loaded collar which connects by 
linkage to the valve (Fig 1). 

Flyball-actuated servomotor systems control speed more 
accurately and can exert higher forces. Every governor 
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has a hand speed-changer. Some have a motor or pneu- 
matic speed-changer for remote operation. 

In Fig 2 is a speed-control system for multiple cam- 
operated valves, which give better part load efficiency than 
a single inlet valve. The power piston rotates the cam- 
shaft through gearing. A relay valve operated by the gov- 
ernor commands the power piston by diverting high-pres- 
sure oil to one side of the piston or the other. After a 
command has been carried out, feedback from the cam- 
shaft returns the relay valve to neutral position. 


Keeping constant process-steam pressure 


Process steam is bled from between the two stages of an 
extraction turbine. The high-pressure and low-pressure 
stages have separate inlet valves. 

As turbine load and demand for process steam change, 
a speed governor and pressure regulator act together to 
control turbine speed and process-steam pressure by mov- 
ing the two inlet valves. 

With a constant extraction demand and an increase in 
load, the turbine slows (Fig 3). The speed governor reacts 
by lowering the floating lever at A. Since the floating 
lever pivots at B, both high-pressure and low-pressure (ex- 
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2... SERVOMOTOR SYSTEM exerts 


greater force, is more sensitive. 
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3 .. EXTRACTION steam pressure 
on 

porta A and speed remain constant as load 

exiraclion and steam demand change. 
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4 . . INDUCTION-EXTRACTION 


pressure and turbine speed constant. 


control keeps process steam 














to regulate 


5S .. DIAPHRAGM MOTOR overrides speed control 


output of driven machine. 


traction) inlet valves open. More steam enters the high- 
pressure turbine to keep up speed, and the same amount 
of additional steam enters the low-pressure turbine, leav- 
ing extraction pressure unchanged. 

When load is constant, and demand for extraction steam 
increases, extraction pressure drops. The pressure regu- 
lator compensates by lowering the floating lever at point 
8. Since the floating lever now pivots at A, the high- 
pressure inlet valve opens and the low-pressure inlet (ex- 
traction) valve closes. Additional steam entering the high 
pressure turbine satisfies the increased extraction demand, 
but also raises the power output of the high-pressure tur- 
bine. However, output of the low-pressure turbine drops 
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induction steam 
































an equal amount so that net output is the same. 
Where moving the inlet valves takes high forces, servo- 
motors add extra push. 


Induction-extraction steam pressure 


The chemical and petroleum industries use a type of 
turbine which sometimes supplies process steam and some- 
times takes in process steam for driving. 

While the turbine receives enough induction steam to 
carry the load, the high-pressure inlet valve remains closed. 
This is the condition shown in Fig 4. 

Increasing load slows the turbine, causing the speed gov- 
ernor to lower point A. The lever pivots at pin 3, and the 
low-pressure inlet valve opens further to admit more in- 
duction steam. 

Should the supply of induction steam drop, induction- 
extraction line pressure will drop. Pressure regulator re- 
acts by pulling down the slotted link until it catches pin 
2 and pivots the lever about point A. The high-pressure 
inlet valve opens, and the low-pressure inlet valve closes 
slightly, maintaining induction steam pressure. 

As the induction steam supply continues to drop, the 
high-pressure inlet valve opens further and further until 
it passes more steam than the low-pressure inlet valve. 
The excess flows out of the turbine as extraction steam. 
Induction-extraction line pressure hardly changes as the 
turbine passes from receiving to supplying process steam. 


Controlling output of driven machine 


On compressor drives the control regulates turbine speed 
to keep compressor discharge pressure, suction pressure or 
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flow constant. Compressors are the most common users 
of this kind of control. 

Low-cost controls use an air diaphragm motor acting di- 
rectly on the turbine inlet valve (Fig 5). The preferable 
and more often used method is to have the diaphragm 
motor or other controller change governor speed setting. 
(hen the governor corrects for changes in inlet steam 
pressure, load changes, etc., while the controller corrects 
only for compressor output variations. 


Safety protection 


An overspeed trip is the most important safety device 
on a steam turbine. By shutting off the turbine at 10 to 
15% over maximum speed it keeps centrifugal stresses 
in rotating parts at safe levels. On the shaft is a spring- 
loaded plunger. Centrifugal force throws it outward 
against the spring until at overspeed it extends far enough 
to trip the shutoff. 

In shutdown systems for large turbines (Fig 6), the trip 
plunger hits a high-strength, nonsparking paddle. Hitting 
the paddle unlatches the oil trip valve. A spring raises 
the oil trip valve and dumps the oil which holds open 
the throttle valve. 

I'he same oil holds down the relay trip piston when 
oil pressure is released. The piston pushes up the relay 


A 
pen | 


\ 


steam 
valves >. 


Servomoror yp 


Control 
hinkoge 


Lube oil 


Pneumatic 
or high back 
pressure trip 
Spring- / 
loaded / 
bellows 
Low lube oi/ 


Solenoid 


trip > 


6.. SAFETY DEVICES act through oi) trip valve to shut off steam 
throttle valve. 
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Overspeed plunger 
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pressure trip 4] 
Poddle’ ‘ 
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valve to close the inlet valves for insurance. 

An emergency hand trip unlatches the oil trip valve. 
All other safety trips strike the paddle. Low lube-oil pres 
sure allows a spring-loaded bellows to expand, freeing a 
striker to hit the paddle. Depending on the type of lube 
system, the low lube-oil pressure trip is made to be reset 
with or without lube-oil pressure. 

Increasingly in recent years, the safety system includes 
a turbine shutoff actuated by low lube-oil pressure in the 
driven machinery. Lube oil from the driven machinery 
holds closed a diaphragm dump valve in the turbine lube- 
oil line. When oil pressure in the driven machine drops, 
the dump valve opens and drops turbine lube oil pres- 
sure at the low oil trip, causing the turbine low lube-oil 
pressure trip to shut off the turbine. 

The dump valve eliminates the need for extra electrical 
equipment. It can serve as a pneumatic trip or high steam 
back-pressure trip. 

One of the additional safety devices possible is an ex- 
cessive thrust-bearing wear mechanism. 


REFERENCE: 

“Steam Turbine Governing,” by A. A. Luoma and R. Del Vec 
chio. Published in Power and Fluids, by Worthington Corp, 
Harrison, NJ. 
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From: Control Engineering 


. LINEARIZING CAM converts output for display on uniform scale. 


IN DEFENSE OF 
CAMS FOR CONTROLS 


Cams have many advantages that electronics can’t match. 


Designers of controls tend to forget them and allow their 


design technique to get rusty. This review shows ways to 


put cams back to work. 


HAROLD A ROTHBART 
The City College, NYC 


Win today’s heavy emphasis on 


electrical-electronic techniques in con- 


rol engineering, designers tend to 
neglect the cam. Yet cams have an 
advantage over electrical devices in 
that they are nondrifting, hold their 
iccuracy a long time, require less 
more reliable 
and durable. Sometimes cam compu- 


maintenance, and are 


ter-mechanisms are also much lighter 
than their electrical counterparts. 

In choosing a function generator, 
for example, the designer almost in- 
variably considers only electrical types. 
This despite the fact that cams require 
less design effort and can mechanize 

gg 
tions. Cams can implement mathe- 
matical relationships and functions 
that resist computation. Although 
they are difficult to fabricate, they 
often give superior accuracy for com- 
putation. 


discontinuous and jagged-shape func- 
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Linearizing cams 


Cams are often employed in meas- 
urement devices to linearize the fol 
lower movement. An example is where 
a quantity to be read on a scale is a 
nonlinear function of a measured vari- 
able. A cam interposed between the 
variable and the computed quantity 
can establish linearity between indica- 
tor motion and measured variable. 
Such linearization of a measurement 
or control is actually in the nature 
of a computational process. This is 
illustrated by a comparison of two 
types of flowmeters operating on the 
differential pressure across an orifice. 
The basic equation is: 

Q = CH 
whereQ = Flow 
H = Differential pressure 
C = Constant depending on units 

The orifice sets up a differential 

pressure that moves the diaphragm 


connected to a pointer or recording 
pen. The recorder chart is calibrated 
in units of flow. If the connection is 
direct, a nonuniform (square root) 
scale is needed because pen move- 
ments represent head _ differential, 
while flow is the quantity sought. An 
obvious disadvantage of the square 
root chart is that the divisions are 
small at low flows and large at high 
flows. Fig 1(A) shows a cam and 
follower interposed between the dia- 
phragm and the pointer. This cam 
and follower extracts the square root 
of the differential pressure so that an 
evenly divided indicator dial, Fig 
1(B), can be used. The exponent of 
the cam function may have any value 
dictated by the application. 

As a step beyond pure measurement 
and indication, function cams can be 
used to linearize or nonlinearize the 
operation of a control actuator. For 
example, cam drives can regulate a 
damper or valve controlling the flow 
of liquids or gases. Because position 
of the damper or valve does not have 
a linear relationship to flow rate, the 
cam positioner serves to provide co- 
ordination between input signal and 
flow. In Fig 2, differential pressure 
acts on a diaphragm with a force pro- 
portional to the square of the flow rate. 
This force is transmitted to the out- 
side through a stuffing box and con- 
trols a relay valve which produces a 
pressure on top of a spring-opposed 
bellows diaphragm. For every pressure 
on the bellows, a stroke is obtained 
which is modified by a cam and recon- 
verted into a force that finally opposes 
the primary flow-rate signal. Thus, 
mechanical feedback establishes a bal- 
ance between forces and produces a 
pressure which, by use of a proper cam, 
can be made directly proportional to 
flow. Since the cam is the connecting 
link, it is a simple matter to change 
the travel needed to cancel out bellows 
force resulting from a given signal. 

Cams are particularly advantageous 
when control system signals do not fol- 
low any predictable or simple mathe- 
matical relationship to the regulated 
quantity. In such cases it is possible 
either to adopt an adjustable cam 
which can easily be made suitable in 
the field or to actually shape the cam 
in the field. Any relationship between 
input and output functions can thus 
be produced. 
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There are occasions in control de- 
sign when it is necessary to develop 
an electrical output that is some com- 
plex function of a nonlinear mechani- 
cal input. A very satisfactory solution 
to this problem is to interpose a cam 
between the input and a linear poten- 
tiometer, which is a dependable and 
widely available component. More 
complex devices can be constructed 
based on this same approach. A good 
example is the addition of a drive cam 
to a variable-core transformer. The 
resulting electrical signals are thereby 2. . FEEDBACK balances forces on diaphragm. Since flow is not directly 
modified by the configuration of the proportional to control-valve opening, cam must compensate. 
cam. 


Design factors 


The first step in cam design is se- 
lection of the scale. The input scale is 
fixed by the fact that the cam usually 
rotates less than 360° for the full 
range. The output scale or slope, on 
the other hand, offers unlimited op- 
portunities for choice. For accuracy it 
is desirable to have the scale as large 
as possible; i.e. a minimum rise per A-General case B-Radial cam with translating 
inch of periphery per revolution. Back- follower 
lash and dimensional accuracy then 
have less effect. 
The second step is to establish cam 
size and the direction of follower 
movement, outward or inward. The 
steepest portion of the function curve 
should be at the cam outer radius, 
permitting the use of smaller cams 
for the same pressure-angle limit. The 
maximum pressure angle (angle be- 
tween the cam slope and the follower 
axis) is 30°, but some designs have 
used angles as high as 45°. In addi 
tion, the contro] engineer should re- 
duce excessive wear or undercutting 
by increasing cam size or reducing the pin gear 
output scale. In general, the designer 
can feel free to specify close manu 
facturing tolerances, on the order of 
+0.0002 in. and 2 min. of arc or 
better. 
The basic function or motion rela 
tionship between related parameters 


X and Y is: 








she 


Y = F(X , . j ‘ nee | 
The variable X may be called the in fee YE Oe 


put parameter and Y the output i, 
parameter. F(X) is any single-valued F-Cylindrical cam with +o 

continuous function whose derivative translating follower G-Three-dimensional cam (camoid) 
is held within certain limits to prevent 

the resulting cam from being imprac- L sca in cine 

tically large. Among the many mathe- 3 . . COMMON TYPES of control cams. 
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4... PROGRAMMING cam keeps switch 
on or off during duration of cam rise. 


matic operations that can be imple 
mented are squares, roots, reciprocals, 
empirical functions, and trigonometric 
functions. A cam, for example, can be 
designed to produce an output pro- 
portional to the tangent of the cam 
angle. Even non-monotonic functions 
(those having two possible values of 
Y for each value of X) can be mech- 
anized by means of two cams rotating 
in synchronism. 

l'ig 3 shows some of the more popu- 
lar cam mechanisms, including a group 
of nonpositive drive types that are 
held in contact by springs (not de- 
tailed). The first is the general case of 
two contour cams in purely rolling 
contact. A noncircular gear which 
consists of cam pitch lines with teeth 
gives the same action. In Fig 3(B) 
and (C), input X is the radial cam, 
yutput Y is the translating and oscillat- 
ing followers. Fig 3(D) provides a 
rotating spiral for input X with a posi- 
tive drive pin engaging the groove for 
output Y. Fig 3(E 
meshing with grooves in the spiral in- 
put. The primary advantage of these 
spiral cams is that more than one cam 
revolution can be provided for high 
accuracy. Spirals having as many as 
eight revolutions have been used. One 
of the difficulties is that the spirals 
require liberal separation, depending 
on the function involved. Fig 3(F) 


Shows a gear 


shows a rotating cylindrical cam input 
having a translating output. Cylindri- 
cal cams generally have a smaller maxi- 


mum dimension than does an equiva- 
lent radial cam. 

Fig 3(G) differs from all the others 
in that it is a three-dimensional cam 


or camoid with two degrees of free- 
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S .. TWO CAMS rotating at different 


motions on trip-follower. 


dom. Input and output parameters 
X, and Y translate, while input X, 
rotates. In an alternate design, all 
parameters may have rotational action. 
The follower is often a spherical ball 
in contact with the cam profile. The 
camoid function is expressed as: 


Y = F(X, X2) 


Step cam—control timers 


Today’s automatic machinery and 
processes commonly involve complex 
timed operating programs. One of the 
simplest control programers is the syn- 
chronous interval timer (Fig 4) in 
which a motor drives a cam at a con- 
stant speed. ‘The mercury switch or me- 
chanical contact is actuated at a time 
determined by the cam design and 
shaft speed. Multiple timers have sev- 
eral cams arranged on one shaft to 
actuate a corresponding number of 
switches. Adjustments can be made 
in the time relationships among pulses 
produced by the various cams. Two 
adjustable cams for each switch will 
allow changing to different switching 
patterns. One cam turns on the switch 
and the other turns it off. Cams can 
also generate signals of predetermined 
amplitude and slope. 

Although time is inherently a digital 
quantity, a simple cam-timer is analog 
in character. However, digital and 
analog techniques can be mated to 
yield a simple, high-accuracy, versatile 
“two-speed” controller. Fig 5 shows 
a typical unit, which is a special mech- 
anism superimposing the motions of 
cams A and B. Cam A is the main 
drive cam locating the follower posi- 
tion in steps, and cam B is the higher 


speeds superimpose their 


6 . . CONDUCTING CAMS achieve two- 


speed switching in a different way. 


speed cam giving the follower its bac k- 
and-forth cycle for each position. As 
shown in Fig 5(B), cam B turns at 
least eight times as fast as cam A. 
The translating motion cycle can be 
altered by varying the relative speed 
ratio of cams A and B. Any combina- 
tion of motions is possible. The fol- 
lower actuates a switch or contact 
spring when both are in the extreme 
position, 

Gliding contacts or brushes on con- 
ducting-cam paths produce the same 
type of action (Fig 6). The cams ro- 
tate at different speeds, with the fast 
disks determining both the beginning 
and end of the switching function. 
This program controller or timer is 
compact, simple, and accurate and can 
be compounded to accommodate a 
number of output channels. 


Cylindrical cams 


The radial or cylindrical cam em- 
ploying an oscillating follower is per- 
haps the simplest computer element 
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Pen movement (Y), in 
Mm 





A-Mechanism 


7... FLOWMETER uses cam because flow 
Cam modifies signal 


employed in measuring systems. Sim- 
ple polynomial expressions are the 
most common functions, although any 
relationship between cam rotation and 
follower displacement is possible. The 
polynomials are of the form 

y=C@ 

[he value of n depends upon the 
system under investigation and is typi- 
cally 4, 1, For n = 1, the result- 
ing straight-line cam resembles an 
Archimedes spiral for which a linear 
input-output relationship exists of the 
form 


a 
OFT 2. 


The nomenclature listed here ap- 
plies to the above equation and the 
discussion that follows: 


6 = Cam angle of rotation for displace- 
ment 4 
n = Any value 
c = Constant 
h = Maximum follower output rise 
= Angle of cam rotation er rise h 


y Output 


To illustrate, an open channel has a 
triangular weir for measuring water 
flow—Fig 7(A). A float moves up and 


T 
Flow (q), cu ft/sec 





rate 


from float so that is can 
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B-Design curves 


through V-notch 


be recorded 


is nonlinear. 


on uniform scale. 


down with the water level. Because 
flow does not vary linearly with head, 
a cam is used to make the necessary 
conversions. A rack on the float rod 
meshes with a pinion to turn the 
cam with the recording pen and arm A 
attached. The translational drive is 
by means of a pin on arm A riding 
in the cam groove. The cam follower 
moves linearly with flow, and so does 
the recording pen. Assume that the 
V-notch has a height of 6 ft and an in 
cluded angle of 60° and that the chart 
scale is 4 in. long. The flow formula 
is q 1.45H*“ where q is the flow 
cu ft/sec) and H is the head in feet. 

Fig 7(B) shows input H plotted 
against output q. If the diameter of 
the pinion meshing with the rack is 2 
in., the number of cam revolutions for 
the total stroke of 6 ft is: 

= 11.4 radians = 655 

which is an acceptable figure. In Fig 
7(B) there is also presented a plot 
of pen displacement Y against the 
angle of cam rotation 6. The cam can 
now be drawn to scale and the perti- 
nent factors of size, pressure angle, 


curvature, undercutting, groove spac 
ing, etc. considered. A different pinion 
size mav be necessary. 

An alternate mechanism uses a ra 
dial cam and larger gears since all 
radial motions are limited to less than 
360° rotation. Change gears adapt for 
different maximum heads and capaci 
ties. 


Archimedes spiral-gear cam 


Since this mechanism has 
cies as high as 1 part in 30,000, it 


an excellent computing tool. Here is 


accura 


how to design an Archimedes spiral 

Fig 3(EK)—with an_ output 

which is the square of the input. 
Assume that the Archimedes spiral 

input (X) is rotating clockwise and 

driving a pin gear (Y). 

Let 


cam 


X = Input-cam angular rotation, rad 

Y Output-follower angular rota- 
tion, rad 

R,, = Mean radius of pinwheel, in 

r Instantaneous radial distance 
from center of cam, in 

iy Constant 


From the figure R.dY rdX. 


ever, for the Archimedes spiral 1 


CX. Therefore Ry. dY CX dx 


How 


since X, is any arbitrary endpoint 
rherefore, the output is proportional 
to the square of the input-cam rota 
Offsetting the follower wheel 
from the cam axis would improve the 
force distribution of the mechanism 
For the Archimedes spiral an offset 
equal to the lead per radian will per 
mit the follower wheel to be tangent 


to the spiral at all points. The form 


tion. 


of this spiral is an involute. 

With the addition of turns there is 
eventually too little clearance for the 
follower. Using several cams in series 
instead of adding turns eliminates this 
For example, suppose the desired func 
tion 1s 

4 X‘ \ 
This can be solved by compounding 
two squaring cams. 


REFERENCE 

“Mechanical Control] Cams” by Harold A 
Rothbart, The City College, NYC. Pub- 
lished in Control Engineering, June ’60, 


p 118. 
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PRINTED-CIRCUIT MOTORS 


Printed circuits are a proven success 
in replacing complicated wiring of 
control and electronic devices. They’re 
easier to produce, in many cases more 
rugged and less subject to defects. A 
few years ago two French engineers 
invented a de motor with printed 
armature circuitry. A printed-circuit 
motor was subsequently introduced 
into the US by Printed Motors, Inc, 
Glen Cove, NY in association with 
other American companies. 

Apart from the simplicity of a 
printed-circuit armature, these ma- 
chines have characteristics different in 
many respects from conventional dc 
motors. These characteristics are push- 
ing them into several specialized ap- 
plications: machine-tool drives, tape- 
reel drives, positioning and velocity 
servos and others. All low-power jobs, 
of course. It’s just too early to pre- 
dict the future of printed-circuit mo- 
tors, but an understanding of their 
basic design will help you keep an eye 
on their development. 


“Printed-circuit Motors: How far will they go?,” 
Power, February 1961, 330 W 42 St, N.Y. 36. 


+ 


Control of Pipelines 


How new electronic control instru- 
ments can handle seven unusual and 
particular requirements of pipeline 
applications with superior perform- 
ance, reliability and convenience. 
These techniques—automatic selection 
of controllers in multivariable systems, 
antiwindup for rapid control action, 
and function generators for start-up 
also are useful in critical chemical re- 
actions, protective circuits, batch 
processes, heat-exchange processes, etc. 
“Electronic Control of Pipelines,” by P. H. 
Drinker, The Foxboro Co, Instrument and Con- 


trol Systems, 845 Ridge Ave, Pittsburgh 12, Pa, 
lune 1960. 


. 


Multiloop control systems 


What do you do when a simple, 
single-loop controller fails to regulate 
your process properly? Discussed are 


412 


por SR ogee 


G 


Ly Pn hese sae 


Ni 


ase AP as 


aii 


ae 


seven of the most useful basic multi- 
loop control system that will lick 
those extra tough-to-control processes. 
While each circuit is illustrated using 
pneumatic components, the same 
basic systems can be used with elec- 
tronic, hydraulic or mechanical hard- 
ware, with but minor modifications. 
Here is a comprehensive reference for 
the instrument engineer on these more 
sophisticated multiloop controls. 

“Basic Multiloop Control Systems,” by Charles 
L. Mamzic, Moore Products Co, Phila, Pa, ISA 


Journal, 313 Sixth Ave, Pittsburgh 22, Pa, June 
1960. 


Fuel controller 


The normal sequence of events in 
control systems design and manufac- 
ture calls for a prototype system to 
appear first, after which attention is 
given to planning production methods 
and quality control tests. In the case 
of one aircraft fuel control system, 
however, this procedure was reversed 
so that a special bench tester appeared 
on the scene before system design was 
begun. The objective was to make 
the tester serve as a design tool even 
prior to its destined role in quality 
control. 

“Test Fixture Aids Design of Fuel Controller,” 
by Herman S. D. Yang, Lockheed Aircraft Co, 


(Georgia Div), Control Engineering, 330 W 42 
St, New York 36, New York, July 1960. 


Pa 


Stepping vs stepless control 


The incremental servo, within its 
own limited frequency range, is slowly 
but surely becoming a strong con- 
tender for the position now occupied 
by the more conventional stepless 
servos. In this first part of a series 
written especially for Control Engi- 
neering, the author leads off with a 
comparison of the characteristics of 
both stepping and _ stepless servos. 
These are summed up neatly in a 
table which shows that, except for 
high frequency applications, the in- 
cremental servo is every bit as versa- 
tile as its stepless counterpart, the 


_ . ee terme: 


ABSTRACTS 


velocity servo. ‘To further illustrate 
the flexibility of the stepper, another 
table presents eight functional block 
diagrams. The author concludes this 
introduction with a review of the more 
important classifications of steppers. 
“Stepping vs Stepless Control,” by S. J. Bailey, 
Vitro Corp of America, Control Engineering, 
330 W 42nd St, New York 36, New York, 
November 1960. 


Infrared controller 


To improve hydrocarbon extraction 
efficiency at one of Dow’s plants, an 
infrared analyzer now measures the 
iso-butane concentration of the bot- 
toms product stream of a hypersor- 
ber. And in conjunction with a cas- 
cade contro] system, it regulates the 
bottoms product flow to maintain the 
concentration at a desired value. 
“Infrared Analyzer Controls Hydrocarbon Ex- 
traction Process,” by D. N. Stagg, J. Przewoz- 
niak, and L. W. Herscher, The Dow Chemical 


Co, Control Engineering, 330 W 42 St, New 
York 36, New York, December 1960. 


7 


Aluminum engines 


General Motors is producing an all 
aluminum engine for three cars; the 
Buick Special, the F-85 Oldsmobile 
and the Pontiac Tempest. While 
these are three different engines, they 
are the same in methods of manufac- 
ture. All three are “V” 8 units, all 
three are valve-in-head engines, all 
three have both the block and head 
of aluminum, and all three are semi- 
permanent mold cast. 

These engines have centrifugally 
cast grey iron cylinder liners, but un- 
like the liners in a die-cast block they 
must have grooves machined in the 
outside to give adequate holding 
power. Because only a gravity pour 
is used the molten metal bridges over 
the minute crevices and other surface 
roughnesses which are filled when the 
metal is die-cast. Within 5 years 
about 4 million cars per year will be 
made with aluminum cylinder blocks 


and probably aluminum cylinder 
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heads. Most of these will be die-cast 
—at least the blocks will be die-cast. 
Probably intake manifolds will be cast 
aluminum as will most of the housing 
members. There will also be integrally 
cast wheel, hub, and brake drum as- 
semblies of aluminum. Probably alu- 
minum bumpers and radiators. Grills 
and decorative trim will depend on 
whether suitable finishing methods are 
developed. 

Altogether there should be about 
180 to 200 pounds of aluminum per 
car. This can mean an annual con- 
sumption by the automobile industry 
alone of up to 800 million pounds of 
aluminum per year. This amounts to 
400,000 tons or about 20% of the 
installed primary aluminum produc- 
tion—that’s just about the present 
amount of idle production capacity at 
this time. But within 5 years large 
tonnages of old scrap will become 
available so that the balance between 
primary and secondary which has al- 
ways existed in the foundry industry 
will probably come about. 

“Aluminum in the Automobile Engine,” P. R. 
Kalischer, Precision Metal Molding, The So- 
ciety of Die Casting Engineers, Inc, 19382 
James Couzens Highway, Detroit 35, Michigan. 
Paper No. 9A presented at The First National 


Die Casting Exposition & Congress, Nov 8-11, 
1960. 


* 


Lightweight jet engines 

The jet engine is unique among 
engineering applications of materials 
in that its different components dur- 
ing operating are exposed to widely 
different temperature ranging from 

65 to 2000 F. This severe thermal 
gradient which occurs over a length of 
17 ft imposes a challenge in the selec- 
tion and joining of materials for each 
fibricated component part with the 
overall engine requirements in mind. 

In addition to the usual material 
selection considerations of cost, ma- 
chinability, mechanical and _ metal- 
lurgical properties etc, it is extremely 
important that a material be initially 
weldable and subsequently repairable 
in order to qualify as a production 
material. Ideally, a material which 
can be fabricated through an entire 
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production cycle defect-free is most 
desirable. However, the present day 
super alloys necessitated by our in- 
creasing temperature and stress re- 
quirements rarely meet this criterion 
in highly restrained parts. The most 
sensible approach is to attempt to 
select only those alloys for production 
which have a low propensity for weld 
metal and heat-affected-zone cracking 
during the manufacturing cycle, and 
thereafter in service. 

“The Fabrication of High Thrust Lightweight 
Jet Engines,” by S. Weiss and D. E. Hacker, 
General Electric Co, Society of Automotive 
Engineers, 485 Lexington Ave, New York 17, 


1961 SAE National Aeronautic Meeting, New 
York. Paper No. 340F. 


+ 


Turbine types 


Steam turbines are built in a num- 
ber of different arrangements to suit 
the needs of individual installations. 
Basically, all turbines may be divided 
into two broad classes; condensing 
units, which operate at back pressures 
less than atmospheric; and non-con- 
densing units, with back pressures 
above atmospheric. This division re- 
fers only to exhaust flange pressures, 
and not to what happens to the steam 
after it leaves the machine. 

Each class may be subdivided ac- 
cording to whether full throttle flow 
continues through the machine to ex- 
haust, or is withdrawn from the unit 
after some expansion. 

The five most commonly used types 
are covered: straight condensing, 
straight non-condensing, extraction, 
induction and induction-extraction. 
“Turbine Types,” by A. A. Luoma, RI Del 


Vecchio, Power and Fluids, Worthington Corp, 
Harrison, N. J. 
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Lubricating engines 


The lubricating problems appearing 
as the consequence of evermore exact- 
ing requirements put on internal com- 
bustion engine performance are essen- 
tially very intricate. This complexity 
stems from the existence of many fac- 


tors involved in the process-character- 
ized by engine design, fuel and lubri- 
cating oil quality, working conditions 
—and by the mutual dependence of 
these factors. 

In the immediate future, work may 
be expected having as its goal an ex- 
tensive knowledge concerning single 
physical and chemical phenomena, 
and also a better understanding of 
the engine process in its complexity. 
In fact many lubrication problems 
originate in the insufficient knowledge 
of the process as a whole, i.e. in the 
lack of understanding concerning the 
interrelations of certain factors char- 
acterizing the process. 

A new approach to lubrication prob- 
lems is outlined. In this, considera- 
tion is given not only to the isolated 
physical and chemical phenomena oc- 
curring but in addition this method 
emphasizes the interconnections of 
laws and factors involved. The pro- 
posed scheme is illustrated by applying 
it to the compression ignition engine. 
“A New Approach fo the Lubricating Problems 
of Internal Combustion Engines,” by F. A. Kiri- 
gin, Refinery “Boris Kidric,” Rijeka, Yugoslavia, 
Journal of the American Society of Lubrication 


Engineers, Lubrication Engineering, 5 No. Wa- 
bash Ave, Chicago 2, Ill, July 1960. 


* 


Wk?’ vs rotor loss 


Because the accelerating time may 
be long for high inertia (Wk’) loads, 
protection and control of the motor 
need careful appraisal. While motor 
stators may be suitably protected, 
commercial have not been 
available to directly protect a motor 
rotor subjected to the abnormally high 
energy losses accompanying high in- 
ertia loads. 

The energy loss in the case or start- 
ing windings of standard induction 
and synchronous motors starting in- 
ertia loads can cause the windings and 
adjacent iron to reach damaging 
temperatures. However, helpful ap- 
plication information, outlining load 
Wk’ values and starting procedures 
for a wide range of horsepower and 
speed ratings of induction motors, 


devices 


continued on page 434 
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“INTRODUCING INDUSTRY'S MOST COMPACT 
60-HP HEAVY-DUTY A/R-COOLED ENGINE 


© 36 hp at 1400 rpm to 60.5 at 3000 rpm 


© 154 cu. in. displacement Operating controls are 
) . @ 7.1:1 compression ratio centrally grouped for 
@-weighs only 521 pounds dry ‘convenient operation 
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Cylinder head cov- © 
ers can be removed 
. quickly by releasing 

snap clips. - 
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Single-cy!. Models. 2.5 to 12.5 hp Single cyl. Vertical Shaft Models. 2.5to9.2hp Twéo-cyl. Models -- 10 to 18 hp 
‘ 





i a i thn wi ln i A Pp Se VEL ila a ch 


Now Wisconsin offers 


you more power...new 
compactness...improved 
efficiency and economy 
...and simplified upkeep 





Here is the most powerful but far from the 
largest or heaviest air-cooled V-4 engine in 
the Wisconsin line. It offers you amazing 
compactness to cut your power design and 
assemblitig costs. Above all, the new V-460D 
is precision-built to meet your toughest 
power requirements, from 36 to 60 hp. 





Valve-in-head design and higher compres- 
sion afford greater fuel economy with regu- 
lar gasoline. They provide cooler and more 
efficient engine performance, and longer 


Wi S CO N 5 N engine life. Maintenance is a snap. Even 
removing a cylinder for piston or ring re- 

() f) r I placement takes only minutes. 
- The new Wisconsin has a center main roller 
bearing as well as tapered roller end main 
WITH bearings. Stellite-faced exhaust valves and 


VALVE-IN-HEAD DESIGN| positive rotators increase valve life up to 
500%. Other standard features include: 
controlled pressurized lubrication to pro- 
vide full-time oiling to all working parts; 
automatic protection against overheating 
\ and servicing neglect; and 12-volt starter 
with distributor ignition. 
The new V-460D is built in the Wisconsin 
‘ tradition to deliver the most hp hours of 
service with the least care and at lowest 
operating and maintenance cost. Let us 
tailor the compact 60-hp workhorse to your 
requirements. Get Bulletin S-282 covering 
the V-460D — and Bulletin S-283 for in- 
‘ formation on the complete line of 4-cycle 
single-, two-, and V-type 4-cylinder heavy- 
‘ ‘ duty air-cooled Wisconsin Engines, rang- 
ing from 3 to 60 hp. 








* For design flexibility 
~ aa ry) WISCONSIN offers 
be | 


C ; you a wide choice of _—— 
Eas 3 
rm Are er Fuel Systems 5 i 


Electrical Equipment oe a 2 

Power Drives as bar’ Nea MOTOR CORPORATION 
Lee MILWAUKEE 46, WISCONSIN 

Safety Devices World's Largest Builders of 


Direct Drives 
‘ . > Special Accessories 








Hydraulic Power 





Heavy-Duty Air-Cooled Engines 


v-236 
Four-cy!. V-type Models 13 to 60 hp 
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The POWER behind the leading products 


3500 STANDARD 
built-to-order Bodine Motors! 
300 STOCK Bodine Motors! 


FOR office machines, instruments, timing devices, pumps, 


coin-handling equipment, communication equipment, 
therapeutic devices, sound-recording and reproducing 


equipment, machine tools, plus many other applications. 


TYPE N MOTORS: 


Bodine Type N Motors are manufac- 
tured in three basic sizes, with each 
size available in several different 
lengths. The smallest is only 33/,.” in 
diameter...the largest just over 5'/,” 
in diameter. Standard ratings range 
from 1/150 to 1/6 horsepower at 
1725 rpm...however, Type N Motors 
can be furnished in other ratings and 
speeds. Windings available: split- 
phase, capacitor, synchronous, shunt, 
compound, universal (series wound, 
including governor controlled). 





TYPE K-2 MOTORS: 


The K-2, which is one of the smallest 
distributed wound motors manufac- 
tured today, is only 23/,” high. Nor- 
mal 60 cycle output ranges from 
1/2000 to 1/500 horsepower on con- 
tinuous duty. Power is substantially 
greater than motors of clock type 
construction. These motors are well 
suited for applications, such as tim- 
ing devices, instruments, and related 
equipment which calls for relatively 
low output, and continuous trouble- 
free service. 








TYPE V-10 MOTORS: 


Supplied with a series winding, the 
V-10 has variable speed character- 
istics, and a full load speed of 5000 
rpm. It has a high starting torque and 
rapid acceleration, and can be oper- 
ated on either DC or AC. This is a 
compact motor and offers generous 
power with light weight and small 
enclosure. Three tapped holes in the 
end shield allow end mounting. Op- 
tional horizontal base mounting re- 
quires a motor frame strap. 


300 Different Stock Type of Motors Available Immediately from Distributors Located in Major Manufacturing Areas 


AND a wide range of special purpose motors 
and modifications 
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Motors in over 1600 
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Motors with built-in speed r 
sively by manufacturers of 
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ing the motor and speed reducer 

complicated speed 


ro late) 
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missions; such as belts, gears 
inated. Design and installation 
unit is compact, quiet, and attractive 


Trout ie-free performance is assured 


Group 1...Speed reducer motors de- 
signed for transmitting low torques over 
a wide range of speeds. Motor diameter 
about 2%” to 35%”. Worm of hardened, 
long-wearing, nitralloy steel cut on motor 
shaft (except for the low powered V-10R 
and NSP-11R). Laminated bakelite pri- 
mary gear. Secondary gear, bronze on 
ratios 180:1 or more; laminated bakelite 
on lower ratios. Ratios—Single Reduction 
Ratios—6:1 to 30:1 Double Reduction 
Ratios—36:1 to 1120:1. 


Group 4...A double worm-gear reducer 
for transmitting high (up to 219 in. Ibs.) 
torques at low speeds. Motor diameter 
approximately 4%”. Worms are accu- 
rately ground from hardened steel. The 
bakelite primary gear assures quietness; 
the hard bronze secondary gear provides 
long life. Ball bearings used throughout. 
Reduction ratios range from 72:1 to 
2880:1. Any specified mounting position 
may be obtained except gear head over 
motor. 


tor By 


n one unit, all 


hains ore elim 
time are saved. The 


amelie) olaeleelaa= 


TORQUES 
rolaslelig 


SPEEDS 
0.6 to 300 rpm. 


RATIOS 
6:1 to 2880:1 


reducer trans 


Group 2...A double worm-gear speed 
reducer designed to deliver moderate 
(up to 52 in. Ibs.) torques at low speeds. 
Diameter of motor approximately 3%”. 
Both primary and secondary worms ore 
of hardened nitralloy steel. Laminated 
bakelite primary gear. Hard bronze sec- 
ondary gear. Motor shaft has prelubri- 
cated ball bearings. Secondary and 
driveshafts have bronze sleeve bearings, 
grease lubricated. Reduction ratios—60:1 
to 1350:1. 


Group 5...A single reduction, right- 
angle worm-gear reducer, capable of 
transmitting substantial (up to 73 in. Ibs.) 
torques. Motor diameter 4%" to 5%”. 
Separable hardened and ground steel 
worm. Gears of laminated bakelite or 
hard gear bronze, depending on torques 
delivered. Motor shaft has ball bearings, 
grease-lubricated with self-seals. Ratios— 
10:1 to 60:1. 


=2ejeai, i= 


Wea. , 
fractional / horsepower 


MOTORS 


FREE 
12-page technical 
bulletin 


information on the 
more widely used 
Bodine Motors is 
contained in newly 


revised bulletin S-2. 


Copies available 
on request. 


BODINE ELECTRIC COMPANY 


| 2510 West Bradley Place 


Chicago 18, Illinois | 
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Additional detailed 


1.3 in. oz. to 350 in. Ib. 


Group 3...A single reduction right- 
angle worm-gear reducer, designed for 
transmitting moderate (up to 21 in. Ibs.) 
torques. Diameter of motor approximately 
3%" to 4%". Separable hardened and 
ground steel worm. Laminated bakelite 
gear on steel hub. Motor shaft has ball 
bearings with built-in grease seals. Ratios 
—10:1 to 60:1. Motor Mounting—Any posi- 
tion except with gear housing above 
motor. 


Group 7...Extra rugged reducer for 
driving heavy (up to 198 in. Ibs.) loads 
continubusly with ample reserve for over- 
loads. Loads are carried on ball bearings. 
All forces directly transmitted to the 
motor feet. Separable steel worms are 
hardened and ground. Gear is of bronze. 
Ratios—8:1 to 48:1. Motor may be as- 
sembled to mount in any position except 
gear head over motor. 


K-2 Speed reducer motor designed for 
continuous duty applications requiring 
sturdy construction and exceptional re- 
liability. Small, rugged. Available with 
built-in spur or helical gearing. Syn- 
chronous or nonsynchronous. Distributed 
windings are used for highest efficiency. 
Speeds 300 rpm. to 0.7 rpm. Torque 1.3 
to 120 inch ounces. Frame-die cast zinc 
except for the steel laminations. Ball bear- 
ings are standard. Ratios—6:1 to 1800:1. 
Capacitor is included with each motor. 
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WHO MAKES GEARMOTORS THIS SMALL? 


Globe Industries makes d.c. (and a.c.) gearmotors this 
small to make your design more compact, reliable and sal- 
able. If you need an exact speed-torque combination in a 
precisely engineered package, look at these 4: 

TYPE VS—Motor is ,” flat, develops .0025 hp @ 8,000 
to 17,000 rpm, and can use our standard modular spur 
gearing in 62 ratios. Continuous duty torques to 35 oz. in. 
available. Gear box can be side mounted (as shown) or end 
mounted with a frontal area of only 0.4 square inch. 

TYPE SS—a 7%” diameter d.c. motor that develops 
.004 hp @ 8,000 to 17,000 rpm. Compatible gearing sys- 
tem has 21 planetary ratios or 28 spur gear ratios. Con- 
tinuous duty torques available to 300 oz. in. Governors, 
brakes and filters designed to meet MIL specs also. 


TYPE MM & LL—Most widely used 114” diameter pre- 


GLOBE INDUSTRIES, INC. 





cision miniature motors and gearmotors in the world. 
Choose from 101 standard planetary ratios; torques to 
1000 oz. in. Because these and other Globe motors have 
many standard armature windings, it’s easy to get the ex- 
act speed-torque combination you need. Motors to .015 hp 
@ 6,000 to 15,000 rpm. 


TYPE BD & BL—1',4,” diameter d.c. motors with plan- 
etary gearing in 22 ratios. Unit illustrated provides up to 
100 in. Ib. continuous duty. With a 3” final stage, contin- 
uous duty torques to =00 in. Ib. (1000 in. Ib. intermittent) 
are available. These can replace units 5 times their size 
and weight. Motors to .033 hp @ 4,000 to 10,000 rpm. 


Delivery is prompt; cost is reasonable. For details about 
d.c. and a.c. gearmotors request bulletin GGM from Globe 
Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


<—)] Be} - j= 


PRECISION MINIATURE MOTORS, GEARMOTORS, TIMERS, 
ACTUATORS, CLUTCHES, BLOWERS, MOTORIZED DEVICES 
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FROM FRANKLIN ELECTRIC 


ALL-NEW 
STANDARD 
MOTORS 
MADE OF 
ALUMINUM 


LIGHTER THAN CAST IRON! 
STRUCTURALLY STRONGER THAN CAST IRON! 


Available NOW in single-phase and polyphase, from 1 to 7} H.P. 


More facts available NOW on the next page... 





HOW WOULD YOU 
DESIGN THE 
TOUGHEST 
POSSIBLE 
GREASE SEAL? 


FRANKLIN 


DID T 


Protective devices stay where they belong — 
inside. It’s the only polyphase motor with this 
built-in space 


Tough yet lightweight aluminum means lower 
shipping costs, easier assembly line handling, 
lower production costs 


Comes pre-wired to your specifications. Han- 
diest terminal board design ever — just connect 
three line leads that's all! 


P-86287 


Pre-packed, double-shielded bearing, combined with a protective inner 
slinger forms a really “stubborn” system. Positive seal keeps grease 
in the bearing, bearing-destroying contaminants out. 


NEW BEARING SYSTEM IS DOUBLE-SHIELDED 
TO KEEP GREASE IN, CONTAMINANTS OUT! 


Bearings protected the Franklin way last longer, do away with 
maintenance headaches. A pre-packed, double-shielded bearing 
plus a slinger-type labyrinth seal keep grease in the bearing, 
assure you and your customers of longer motor life. An extra 
grease reservoir, sealed in the system, adds even more years of 
maintenance free performance. And contaminants that can cause 
bearing failure are positively locked out of the system. Stub- 
born? Like a rock! See the new Franklin integral made of light- 
weight aluminum and write for free color brochure. 


Franklin Electric Co., Inc. 
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BLUFFTON, INDIANA 
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Sub-Fractional Horsepower Motors 


Put Heinze in your designs — for a wide choice of standard 
models — or special motors engineered to your exact re- 
quirements. You have a broad range of types, mountings, 
horsepower, voltage ratings, and other modifications. 
Heinze Motors are rugged, compact, versatile, uniform in 
quality, keyed to high production, and competitively priced. 


Type D Induction Motors 
2 pole shaded pole 

Free speed — 3400 rpm 
115V AC, 60 cycle 

CW or CCW 

1/100 to 1/200 hp 


Type P Induction Motors 


Single Coil 2 pole 

Free speed — 3400 rpm 
115V AC, 60 cycle 

CW or CCW 

1/50 to 1/300 hp 


Type Y Induction Motors 


4 pole shaded pole 
Free speed — 1700 rpm 
115V AC, 60 cycle 

CW or CCW 

1/40 to 1/200 hp 


e 


Type B Universal Motors 


Load speed — 2500 to 20,000 rpm 

Voltage rating — 4V to 220V, AC, 
DC or AC/DC 

CW or CCW 

1/40 to 1/3 hp 


Type SMR and SMF Universal Motors 


Load speeds — from 5,000 to 12,500 rpm 
115V or 230V AC/DC 

CW or CCW 

1/8 to 1/100 hp 
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your designs 


™ Sub-Fractional Horsepower Blowers 


mx 

Heinze Blowers — standard or specially designed — are 
supplied as complete units with motors suitable for the ap- 
plication. Blowers are quiet, dependable, compact, light- 
weight. They are ideal for such application as photographic 
darkrooms, vending machines, refrigeration and air condi- 
tioning units, cooling of electronic equipment, induction 
heating. 


ee 


Type SM Blowers 


Single unit only 

SMR Universal Motor 

6V and 12V DC-75 cfm at 2300 rpm 
115V AC /DC-100 cfm at 2800 rpm 


Type D Blowers 


Type D Induction motor 

DS Single Unit — 55 cfm at 3200 rpm 
DD Double Unit — 100 cfm at 3100 rpm 
115 V, 60 cycle 


Type YS Blowers 


Type Y induction motor 

YSS Single Unit — 50 cfm at 1650 rpm 
YSD Double Unit — 100 cfm at 1650 rpm 
115V, 60 cycle 


De Canes 


Type D 2% Blowers 


Type D Induction Motor 

D 2%S Single Unit — 17 cfm (free air) 
at 3100 rpm 

D 2%D Double Unit —34 cfm (free air) 
at 3100 rpm 

115V, 60 cycle 


Type D2 Blowers 


Type D induction motor 


D2S Single Unit — 10 cfm (free air) at 
3100 rpm 


D2D Double Unit — 20 cfm (free air) at 
3100 rpm 


1 115V, 60 cycle 
eeoeoeoevoeveveveeee eee ee28008 
Write for complete catalog to Dept. I. 


' | HEINZE ie COMPANY 
‘#3 685 Lawrence Street 


Lowell, Mass. 


CIRCLE 421 ON READER SERVICE CARD 421 





MOTOR, ENGINES AND CONTROLS 


BRING OUT THE FULL MAGIC 
OF YOUR OWN ENGINEERING 
KNOW-HOW WITH 
SPECIAL REULAND MOTORS 


MULTI-DRIVE MOTOREDUCER 


Shown here is a typical example of a 
Reuland multi-drive unit, as adapted for 
use on a screw conveyor bag filler machine. 
The primary motor turns the screw for 
high speed filling. For final, 

precision filling, a D.C. 

clutch cuts in the 128 r.pm. 

Motoreducer. Speed reduc- 

tion ratios of as much as 

100:1 are available. 


5-STAGE DRIVE CYCLE PACKAGE 

A complete, five-stage operating cycle is 
handled by this one drive package... 
(1) 100 r.p.m. forward run, (2) immedi- 
ate stop, (3) fluid-cushioned start again, 
(4) reverse direction and (5) return at 200 
r.p.m. The complete cycle is accomplished 
by an internal fluid coupling...two-speed, 
reversing duty motor, gear reducer, and 
magnetic brake...within one frame! 


| 


Don’t ever let a complicated drive requirement stymie 
your own ingenuity. If you have a design idea, go right 
ahead with it...leave the motor adaptation to Reuland. 


Yes—whatever your needs may be, here is an opportunity 
to cash in on your own creative designing talents. Typical 
examples of how others have benefited are shown below. 
A single experimental motor, or a production run, will 
receive the same well-known Reuland spirit of cooperation. 


STALL DUTY TORQUE MOTORS 


Reuland torque motors can be stalled or 
“locked” into a load with full current on. 
The units also automatically adjust their 
speed to intermittent load changes. Output 
torques can be changed, as desired, through 
the use of voltage varying devices. Avail- 
able in ratings from % through 10 foot 
pounds...for maximum stalls of 5, 10, 20, 
60 minute and continuous. 





SPLINE COUPLED PUMP MOUNT MOTORS 
Reuland spline-coupled hydraulic pump 
mount motors feature a direct connection 
between the pump and the motor’s shaft... 
inside the motor. The installation is made 
by simply slipping the spline coupling onto 
the pump shaft:..and attaching the pump 
to the endbell. The unit eliminates flexible 
couplings and platform mounts. Reduces 
mounting space almost 50%. Assures per- 
fect alignment, automatically. 
c " 


MACHINE TOOL MOTORS 


These precision machine tool motors are 
a completely new type, especially made for 
the machine tool industry. They are com- 
pact in design and built to precise specifica- 
tions like a fine tool. Their individual 
dynamic balancing...heavy duty ball bear- 
ings...low inertia, lightweight rotor...and 
even smooth-finished castings, make them a 
match for the most expensive machine tool. 


FLUID-SHAFT BRAKEMOTORS 


Reuland Fluid-Shaft motors eliminate 
shocks and jerks and provide a smooth, 
gradual, stepless method of load accelera- 
tion. Power is transmitted through an in- 
ternal fluid coupling and all starting iner- 
tias are absorbed in a cushion of oil. The 
Reuland “doughnut” magnetic brake... 
mounted on the output side of the coupling 
... permits extending the motor shaft right 
through for load hook-up. 


MES 8 
o 
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HOLLOWSHAFT WORM MOTOREDUCERS 


This unique, right-angle Motoreducer fea- 
tures a hollow shaft that permits direct- 
coupling to equipment by merely inserting 
the drive shaft of the machine. No other 
mounting arrangement is required, except 
the torque arm which serves as an “anchor” 
for the Motoreducer. Eliminates the need 
for couplings, brackets, or belt and chain 
drives. Mounts in very tight areas. 


MODERN POWER FOR MODERN-DAY PRODUCTS. ..a// in lightweight aluminum frames 


Our new 8-page catalog No. GS-8-30-0, will 
come in handy. Sent complete with prices 
and engineering drawings on request. 
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MULTI-SPEED MOTORS 

Basic designs consist of three predeter- 
mined speed rating selections; 2-speeds, 
3-speeds and 4-speeds. The motors are also 
available with three torque-horsepower- 
speed combinations. (1) Constant torque 
...h.p. varies directly with r.p.m. (2) Vari- 
able Torque...h.p. variation is proportion- 
ate to the square of the speed, and (3 ) Con- 
stant horsepower...wherever h.p. need is 
constant regardless of operating speed. 





DISC-TYPE MAGNETIC BRAKES 

Reuland “through-shaft” magnetic brakes 
feature a fast and sure direct action princi- 
ple. Levers and linkage are eliminated by 
a simple attraction and release action be- 
tween the armature and “doughnut” type 
magnet. Available for use with all makes 
of motors in (1) endbell type, (2) foot 
mounted and (3) foot mounted—complete 
with own bearings and shaft. 


REULAND MOTORS 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION ...Alhambra, California 


® _ EASTERN DIVISION... Howell, Michigan 
DISTRIBUTORS IN ALL PRINCIPAL CITIES ¢ REFER TO SWEET’S 1961 PRODUCT DESIGN FILE SECTION 7a/RE 
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from machine tools to typewriters... 


... Robbins & Myers 
motors power them all! 


c) 1a. 
Each R&M motor, 1/200 through 200 HP, is electri- & a | — 
cally and mechanically designed with life-prolonging , 
features which assure dependable operation, simplified 
installation and low maintenance. From rugged machine integral motors, 
tools to complex business machines, there’s an R&M 1 thru 200 hp 
motor for every job... Fractional and Integral H.P. 
Motors and Motor Parts in all popular mountings, elec- 
trical types and enclosures. Most are ready for off-the- 
shelf delivery. Others can be quickly produced. Should 
you require custom motors, R&M’s experienced appli- 
cation engineers, aided by modern electronic computers, 
can furnish the one design best suited to your needs. 

universal 


Write today for information, or send your powering ‘ ere , 
smack spe 
problem to R&M. No obligation, of course! spe pheaces ape. ode ta ea ae 


ed 





ROBBINS & MYERS, INC., Springfield, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 


Pr Hair 
opetia: ® 
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BLOWER MOTORS 


Sleeper! Cradle-mounted in resilient rub- 
ber for extra-quiet, vibration-free opera- 
tion. Low starting torque prevents belt 
slippage and starting noise. It’s a ball 
bearing motor that runs as quietly as a 
sleeve bearing type. Magnetic noises are 
reduced to an absolute miniraum by 
special machining and assembly proces- 
ses...air noise is practically eliminated 
by unique ventilation design. And forthe 
ultimate in space savings, investigate 
the A. O. Smith Inside-Out permanent 
split-capacitor blower motor. No switch- 
es, relays, pulleys — a proven direct 
drive motor. 





INTEGRALS 


The workhorse of the A. O. Smith line. 
These open motors provide that extra 
amount of moisture protection. And you 
get quiet operation for critical noise 
areas along with a power reserve that 
pulls across adverse operating condi- 
tions. Rotors are pressure cast in one 
operation to provide an indestructible 
construction. Rotor and shaft assembly 
are dynamically balanced to minimize 
vibration. On models up through five hp 
single-phase, the capacitor is mounted 
inside the motor housing for space-sav- 
ing installation, maximum protection 
and streamline appearance. 


HERMETICS 


Atrue thoroughbred! Rotor-stator assem 
blies are designed specifically for sealed 
compressors. . . quality-built to provide 
a reliable source of power for refrigera- 
tion or air conditioning, year-in and year- 
out. They’re custom-built and dynami- 
cally-balanced for years of dependable, 
quiet, vibrationless service. What's more, 
each motor is manufactured under the 
strictest quality control . . . assembled 
and tested under controlled atmospheric 
conditions, ever-free of dirt and dust. 
Application-engineered in single-phase 
and polyphase, 34 to 100 hp. 











A MOTOR 
IS A 
SERIES OF 
CIRCLES 


BRACKET-T0-FRAME 
RABBET 
STATOR FRAME 1.D. 
(é STATOR CORE DIA. 
Zn AIR GAP 
L—ROTOR DIA. 
BEARING 0.D. 
JOURNAL DIA. 


all must be accurate and concentric 


In manufacturing Elliott Crocker-Wheeler motors, a dozen critical “circles” are formed accurately and con- 
centrically through unique and extraordinarily precise production methods. The result is exact alignment of 
all parts, true and uniform air gap, free-spinning rotor, quiet, cool, dependable operation. 

Wi Elliott Crocker-Wheeler integral-hp a-c and d-c motors—from smallest to largest—are offered in all conventional 
enclosures and modifications; with insulation to suit the application, including epoxy insulation for use 
where conditions are most severe. me 


Fc ELLIOTT COM GENERAL OFFICES: JEANNETTE, PENNSYLVANIA 
fo PANY PLANTS AT: Jeannette and Ridgway, Pa.; Springfield, Ohio 
TURBINES - GENERATORS - MOTORS - COMPRESSORS - TURBOCHARGERS - EJECTORS - STRAINERS - TUBE CLEANERS 
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Only U.S. SYNCROGEAR 
has all these features... 


e 


designed for WEN RiP 


ele 
. RUGGED PYRAMIDAL 
CASE prevents 
d 


Ti coladielamels -_ 
misalignment. 


3 
‘i é SOLID SHANK _. 
BUILT-IN PINION 
can't vibrate or 
work loose. 








ASBESTOS PRO- \ 
TECTED WINDINGS 
will not deteriorate p 
from heat. aa 








\\\ 





\\ 


ONE-PIECE SUPPORT- 

ING CASE assures 

permanent alignment 
of gears, pinions. 





\ 


X\\ 






er ‘: THROUGH-HARDENED J 
" GEAR TEETH give . 
greatest strength, at S 
“ence = ce longest wear. 
ag 
NORMALIZED FRICTION-FREE i D. POSITIVE MICRO-SHAVED AND Rf 
CASTINGS — OIL SEAL can’t —ja% Sq AUTO-LUBRI- (50% HONED GEAR TEETH 
prevent va. wear, prevents e w CATION by provide smooth . 
warping, mis- ~y "leakage. ~ slow-geardip ™ “operation, long life. ~~ 
alignment of prevents : 
gears, shafts. churning 
offer the most features 


to provide long life and dependability. For a quarter-century, 


U.S. Syncrogears have led design progress. (Available 1 3 





to 75 h.p.—single-, double-, triple-reductions, and worm-geared. ) 


1 
= __-U.S. MAJOR MOTOR LINES INCLUDE FREE SYNCROGEAR BROCHURE No. F-18980 
WI +1. Vertical Solid & Holloshaft, 2. Varidrive, 3. Totally-Enclosed, Color illustrated ~~ - 
hh : ' 4. Uniclosed, 5. Syncrogear. Also, many other special motors. Ta 
* 
LJs wate 


coe U.S. ELECTRICAL MOTORS INC. 


P.O. Box 2058 « Los Angeles 54, California or Milford, Conn. 
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MAINTENANCE POWER 


AIR CONDITIONING POWER HANDLING POWER 


“Proven reliability of Inter- 
national engines has led to 
the universal acceptance of 
Ready-Power air condition- 
ing equipment.’ Report from 
Norb Hall, Manager, Air.Con- 
ditioning, Ready-Power Co. 


MUNICIPAL POWER 


"We needed heavy-duty en- 
gines with superior sealing 
that would keep working 
under extremely dusty con- 
ditions’ Report from R. 
Schmidt, Chief Engineer, 
Elgin Sweeper Co. 


“On-the-job reports prove 
that International power is 
an excellent choice!’ H. P 
Lockhart, Ass’t General Man- 
ager, Sales, Austin-Western 
Construction Equipment Div., 
Baldwin-Lima-Hamilton Corp. 


AUXILIARY POWER 


“Onan equipment is built for 
100 per cent dependability, 
so we chose International en- 
gines when specs called for 
water-cooled power!’ Report 
from J. C. Hoiby, Vice Presi- 
dent, Engineering, D. W. 
Onan & Sons, Inc. 


“We chose Internationc 
power because of the 
speed range and favorak 
torque-speed curve!’ Repc 
from J. Roberts, Chief Eng 
neer, Galion Iron Works 
Manufacturing Co. 








UTILITY POWER 


“International engines help 
give all four models of our 
earth augers fast digging 
action, high speeds coming 
out of the hole, and clean 
throw-off!’ Report from H. B. 
Williams, President, Hugh B. 
Williams Manufacturing Co. 








MARINE POWER 


“Our sales have increased 
over 500% since we began 
using International engine 
assemblies five years ago’’ 
Report from R. C. Bolling, 
President, Palmer Engine Co. 


CONSTRUCTION POWER 


‘International diesel engines 
meet our standards for ef- 
ficiency, dependability and 
parts and service coverage*’ 
Report from Guy Banister, 
Chief Technical Engineer, 
Barber-Greene Co. 


LEADING ENGINEERS 


choose International Power 


GROUND SUPPORT POWER 


“The wide range of power 
in the International line fits 
in with our plans to offer a 
wide selection of models‘’ 
Report from Roger Frantz, 
Design Engineer, Hobart— 
Motor Generator Corp. 


for a wide variety of jobs! 


Efficient and dependable power is assured for 
products of leading engineers, who specify IH en- 
gines for a wide variety of applications. Design 
engineers serve many different industries, but they 
all have one common problem: to find the most 
practical, economical and efficient power for their 
products. If you have the responsibility for select- 
ing the power for your products it will pay you 
to check International engines because— 

FIRST, you have a wide selection of power from 
which to choose—35 engines from 16.8 to 385 max. 
hp—available in gasoline, LP gas, natural gas or 
diesel. 

SECOND, IH engines meet rigid requirements of 
economy and dependability. Millions of hours of 
continuous operation in all parts of the world have 
job-tested International power on every heavy- 
duty application. 


THIRD, your customers never have to wait for re- 
placement parts. International’s world-wide parts 
and service facilities back up your organization 
with fast assistance on power problems. 

Check the complete line of IH engines now, and 
discover the extra selling advantages International 
power adds to your product. Call or write to Inter- 
national Harvester Co., Engine Sales Dept., Con- 
struction Equipment Division, Melrose Park, IIl. 


m@ INTERNATIONAL’ 


International Harvester Co., 
180 North Michigan Ave., Chicago 1, Ill. 
A COMPLETE POWER PACKAGE 
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An important balance 
of performance with cost, 
service and user acceptance. 


RUGGED... ‘Jeep’ Industrial Engines include many 
extra performance features as standard equipment. 
Positive valve rotators, exhaust valve seat inserts, and 
stellite or eatonite valves . . . are only a few that insure 
long, on-the-job life. 


cost... These Engines are basically production en- 
gines. As a result, both initial cost and service parts 
prices are lower 


SERVICE... No matter where your equipment is in 
use, throughout the world, ‘Jeep’ parts are available. 


ACCEPTANCE... The ‘Jeep’ name is so well-known 
it is one of the few American brand names recognized 
throughout the world. Equipment bearing the ‘Jeep’ 
name is highly regarded for rugged performance 
everywhere 


® Power Units and many accessories including 
LP Gas and Marine Conversion Kits available. 


® Automotive Parts...including chassis, trans- 
missions, axels and others. Information avail- 
able on request. 


Pi, 
/ 


KAISER 
\“ wittys 
MOTORS 
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4 and 6 CYLINDER 


ee Industrial- 
; Agricultural 


Engines 


Three basic engine designs give 
you a maximum brake horse- 
power range of from 20 to 92 


MODEL 4L... 4 cylinder, L-head design with 134.2 cubic 
inch displacement. Balanced, 100% counterweighted crank- 
shaft gives smoothness of 6 cylinders. Includes positive crank- 
case ventilation and many other extra performance features 


MODEL 4F.. .4 cylinders. The only F-head design pro- 
duced in America today. Extra power from 134.2 cubic inch 
displacement due to larger intake valves and preheated fuel 
mixture. 
MODEL 6L.... Heavy-duty 6 cylinder, L-head model with 
extra high torque characteristics. 226.2 cubic inch displace- 
ment. Torque peaks at 1200 rpm and decreases less than 10% 
throughout its continuous duty speed range 

Dyn Max. Dyn. Max. Height Max. Length 


BHP Torque (oil Pan Max fan thru 
Max lb.-ft thru carb Width fly wheel 





MODEL 4L 60 106 27.09 22.84 24.81 
MODEL 4F 7O 111 30.76 20.12 24.81 
MODEL 6L 92 180 30.1 22.75 34.17 


For complete details, costs and other information, 
please send for ‘Jeep’ Industrial Engine Catalog 


WILLYS MOTORS, INC.., INDUSTRIAL ENGINE DEPT., TOLEDO, OHIO 
Manufacturers of 4 and 6 Cylinder ‘Jeep’ industrial Engines. 
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ASCO Close-Differential Relays provide dependable, low-cost 


protection from under and over voltage. 


When a motor runs on low voltage for an extended period of time, burnout and 
fire may result. This can be costly in both down-time and damage to equipment. 


You can protect your motors with ASCO Close-Differential Relays. They offer 
economical, dependable protection even when motor feedback conditions prevent 
ordinary potential relays from detecting changes in voltage. ASCO Close- 
Differential Relays respond to a 2% variation in voltage; protect motors when 
low voltage or over voltage conditions occur. 
Because they combine sensitivity with rugged construction, ASCO Relays are 
providing low-cost protection in a wide variety of applications. 
For example, in some oil burner installations, ASCO Relays help prevent explo- 
sions due to under voltage. In these installations, when under voltage occurs, 
ASCO Relays prevent oil build-up in the pit by detecting this low voltage condi- 
tion, and causing oil flow to be cut off immediately. Otherwise on under voltage 
the oil would build-up in the pit since the ignition system would not fire. This ASCO Close-Differential A-C Relay operates 
excess oil could result in an explosion when voltage is restored and the ignition on 2% variation in voltage—features positive 
system fires. action, quiet operation, power relay type contacts. 
Find out how the ASCO Close-Differential Relay can protect your equipment. 
Send for Catalog 57-S4 describing the complete line of ASCO Relays. 


Dependable control by ASCO is available from representatives and distributors 
in all principal cities. 


ASCO Electromagnetic Control 


Automatic Switth Co. 541 HANOVER RO., FLORHAM PARK. N. J.. FRONTIER 7-4600 
AUTQMATIC TRANSFER SWITCHES * SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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MOTOR, ENGINES AND CONTROLS 


MODEL 29-500 
UNIVERSAL 
and DC MOTOR 
1/12 
to 1/4 H.P. 


Sy PS AMERICA'S FINEST 
ecto aes 'o SMALL UNIVERSAL MOTOR... 
FAQ WARS G AT THE LOWEST COST 


IN ITS CLASS! 


‘ 
> 


—= 
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for applications where uniform output is essential... 
all mating surfaces are machined! 


e Choice of permanently lubricated shield or sealed ball bearings, or rigid H.P.: Continuous: Series—1/6 @ 10,000 R.P.M. 


sleeve type with felt oil reservoir and oil return system. Shunt or Compound—1/12 
Intermittent Series—1/4 @ 10,000 R.P.M. 


e Choice of end bells to provide for end mounting, flange mounting or at- Shunt or Compound—1/6 


taching gear units. SPEED: No load: Series—15,000 R.P.M. 


Shunt orC d—12,000 R.P.M. 
e Available with a choice of totally enclosed case, or ventilated construction fun Lead Send: Gectse— S006 to 


with internal fans. 10,000 R.P.M. 


DIAMETER: 3%" 





LENGTH: 4'4¢" to 5'%” 








Shunt or Compound—1000 to 10,000 R.P.M. 





e Currently in use in computors, blowers, dental equipment, business OLTAGES: S 6 to 250 V. AC/DC 
VOL : Series—6 to ° 
machines and other applications. Shunt or Compound—6 to 230 V. DC 








WRITE FOR COMPLETE DETAILS AND NEW CATALOG 





THE NATION’S MOST COMPLETE LINE OF FRACTIONAL H.P. MOTORS 


UNIVERSAL & DC INDUCTION SHADED POLE GEAR MOTORS MOTOR 
1/200 to1 H. P. 1/1400 to 1/4 P. 1/2000 to 1/30 H.P. PARTS SETS 


| tan <4 e | = stowsrs 
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MODEL 243 
UNIVERSAL 
and DC MOTOR 
PAlll 
to 1/8 H.P. 


= 


‘\. 
SS 
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MOTOR, ENGINES AND CONTROLS | EX | 


for business machines and gear applications . . . this motor offers /onger brush life, no stalls! 


WON'T STALL EVEN WHEN JARRED 
Self-aligning sleeve-type bearings have finger-type pressure 
plate for uniformity of alignment. 


EXTRA-HEAVY STAMPED STEEL HOUSING 
Helps maintain smooth performance under all conditions... 
makes this motor ideal for gear applications. 


INCREASED BRUSH LIFE 
Brush holders are broached to hold close tolerances for brush 
alignment. 


WRITE FOR DETAILS AND NEW CATALOG 


SM 


POWznsD ®Y Sales Offices: 


Festus, Mo., 1049 Front St., YE 7-3606 





DIAMETER—2'%)" 


SERIES MOTOR 


LENGTH—3'%" 


SHUNT MOTOR 





FULL LOAD 
SPEED 


5000 to 
10,000 R.P.M. 


2000 to 
7000 R.P.M. 





MAXIMUM H.P. 
Continuous 


1/12 @ 
10,000 R.P.M. 


1/20 @ 
5000 R.P.M. 





MAXIMUM H.P. 
Intermittent 


1/8 @ 
10,000 R.P.M. 


1/12 @ 
5000 R.P.M. 








VOLTAGES 


Maximum H.P. ratings shown. Variations available for 
less power to meet application requirements. 





12 to 230 V. AC/DC 





6 to 120 V. DC 








HOWARD INDUSTRIES, INC., 1750 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Chicago area: 576 Northwest Hwy., Des Plaines, Ill, VA 7-6173 Los Angeles 36, 942 S. La Brea Ave., WE 8-2444 


New York area: 157 Broad St., Redbank, N. J., SH 1-3356 


HOWARD 


Ene ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION (LS) LOYD SCUGGS COMPANY @) RACINE ELECTRIC PRODUCTS 


Representatives in Principal Cities—Consult Your Classified Phone Book 
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DESIGN ABSTRACTS continued 


may be obtained from NEMA Motor 
and Generator Standards, Publication 
MG-1-1959. 

Formulas derived may be useful in 
computing rotor energy losses dur- 
ing the starting of inertia loads. Tests 
show that when load torque is neg 
ligible, the total energy loss in a 
rotor during starting is equal to the 
kinetic energy stored in the rotating 
parts at synchronous speed. ‘This 
equivalence may be used to simplify 
the calculation of rotor energy loss 
during the starting period and to 
make rotor energy loss comparisons 
during complete and incomplete start- 
ing, plugging and braking. ‘The effect 
of load torque on rotor loss during 
acceleration may also be developed. 


“Wk vs Rotor Loss,” by R. C. Moore, Allis- 
Chalmers Mfg. Co. 


Controlling De motors 


One of the most valuable character- 
istics of the de motor is its ability 
to provide a wide range of easily ad- 
justable speeds. This benefit has made 
de motors of all types of particular 
interest to control engineers. Series, 
shunt, and compound motors in com- 
bination with packaged rectifiers and 
controls serve as actuators in systems 
from the lowest to the highest orders 
of automaticity. This discussion covers 
the fundamental speed, torque, and 
horsepower relationships for dc mo- 
tors. The feature of the presentation 
is a single chart summarizing the 12 
control circuits that form the basis of 
most of the packaged de drives avail- 
able today. 

“Speed Control Methods for De Motors,” by 


C. S. Siskind, Purdue University. Published in 
Control Engineering, June 1960, p 115. 


*« 


Performance of 
engine lubricants 

This paper describes one of the 
engine tests which is being used to 
define minimum acceptable perform- 
ance, in current passenger-car engines, 
of oils designated for MS service. This 
test is commonly known as Sequences 
I, II, and III of the G-IV Test Se- 
quences. The paper discusses the test 
development, describes the engine op- 
erating conditions, points out some of 
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the important variables, shows the 
correlation with service, and indicates 
some of the test limitations. 

“An Engine Test for Predicti , the Performance 
of Engine Lubricants in Most Severe Passenger 
Car Service,” by Paul A. Bennett, George K. 
Malone, Chester K. Murphy, Fuels and Lubri- 
cants Department, General Motors Research 
Laboratories, SAE Preprint No. 261A, Dec ‘60, 
485 Lexington Ave, N. Y. 17, N.Y. 


* 


Servos analyzed 


A dual-mode servomechanism is an 
automatic control system that com- 
bines two separate and distinct modes 
of operation in a manner that makes 
the over-all system superior to a sys- 
tem utilizing either of the modes 
alone. The particular mode of opera- 
tion at any time is selected to make 
use of the best features of each mode 
under the given operating conditions 
and, if possible, to eliminate the un- 
desirable features of each mode. 

The analytical state of the art for 
dual-mode systems is to analyze each 
mode independently. This article pre- 
sents a method for determining the 
stability of dual-mode systems. 

“Stability Analysis of Dual-Mode Servomechan- 
isms,’ by J. E. Gibson and E. S. McVey, Purdue 


University. Electrical Engineering, Sept ‘60, 
33 W 39th St, New York 18, N. Y. 


+ 


Figuring gas-turbine cycle 


Using gas turbines in new fields 
means making many calculations be- 
fore choosing a cycle. Speed, con- 
venience and graphic clarity are more 
important than high accuracy when 
comparing alternatives. We may as- 
sume working fluid to be dry air since 
thermodynamic effects of water vapor 
and combustion products usually can- 
cel out. For higher accuracy we usu- 
ally figure a dry-air cycle, apply mois- 
ture and fuel corrections. 

A nomogram is presented that 
speeds the figuring for compressing 
and expanding dry air over a wide 
range of pressures and temperatures. 
A simple gas-turbine cycle can be com- 
puted and recorded on it by drawing 
four straight lines. More advanced 
cycles with intercooling and reheating 
need additional lines. 

“Four Lines Figure Gas-Turbine Cycle,” by Dr. 
John Kreitner, Mathematics Dept, Adelphi 


College, Power, June 1960, 330 W 42 St, New 
York 36. 


Liquid-level in tanks 


There are many ways to measure 
liquid level. There are systems using 
electrodes, pressure gages, differential 
type meter bodies, floats, strain gages, 
or radiation sources. In some installa- 
tions, these systems merely indicate 
the contents of storage tanks, in 
others, they control the level of capac- 
ity or surge tanks to keep process 
flows steady, or regulate the quantity 
of material supplied to vessels in 
which there are chemical reactions or 
physical blending. The article ex- 
plains systems: Static pressure method, 
pressure gage system, diaphragm box, 
air purge, meter body method, and 
radiation systems. 


“What's the Level in the Tank?”, Published in 
Instrumentation, Vol 13, No 3, 1960, p 26. 


Die cast engine design 


From the thermo-dynamic point of 
view there are no objections coming 
from the designers: the manufacturing 
technicians prefer it, since it enables 
higher machining speeds to be ob- 
tained. Now is a suitable time to start 
die casting blocks. 

Russia has been the first country to 
try this new system. At the end of 
the year a 4-cylinder engine block die 
will be ready. It will be water-cooled, 
will have 2.5 litre capacity and the 
sleeves will be inserted after casting. 
It will be fitted to a 2500-ton machine, 
manufactured in Italy. The design of 
the cylinder block has been studied 
for a long time in order to avoid as 
much as possible all breakage due to 
wear after long use, bearing in mind 
the mechanical characteristics of the 
casting and its reduced metallurgical 
properties due to the special casting 
system. 

“Die Casting Engine Design for the European 
Market,” by G. Triulzi, President, A. Triulzi, 
The Society of Die Casting Engineers Inc, 
19382 James Couzens Highway, Detroit 35, 
Michigan. Paper No. 9B presented at The 


First National Die Casting Exposition & Con- 
gress, Nov 8-11, 1960. 


DC dynamic braking 


To find out how long it will take to 
stop a given inertia it is necessary to 
know the variation of braking torque 
with speed for various values of dc 


continued on page 442 
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if special application FHP motors are on your mind... 
write for RaM’s new Bulletin 445 


This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- 
plication FHP Motors. 
You may select from four frame 
sizes, sixteen ratings from 1/100 
through 1/3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 
types. 

Simple, compact and quiet, these motors offer built-in 
benefits for your customers, as well as design flexibility 
for you, where silent operation, limited mounting space 
and minimum attention are factors. 

Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your 
special requirements. Write today for your copy of 
R&M’s new bulletin 445PRE. 


ROBBINS & MYERS, INC., Springtieia, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes '* Moynog Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fons and Electric Heat * Trade-Wind Range Hoods and Ventilotors 


Subsidiary companies at: Memphis, Tenn., Pico Rivero, Calif., Brantford, Ontarie. 
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MOTOR, ENGINES AND CONTROLS 


ALL- NEW 2 ? cat SIX JOIN 
FORD INDUSTRIAL ENGINE LIN 


Water jacketed spacer 
preheats fuel air charges 
eliminating throttle plate 


Integral valve guides for Self-locking tappet Positive rotating exhaust 
cooler running valves adjusting screws for valves for better seating 
and long life easy adjustment and longer life 


Intake and exhaust 
valves Eatonite-faced 
for long life 


icing 


Positive crankcase 
ventilation (standard) 
substantially reduces 


oil dilution, sludge 
- Lye, formation and wear of 
Water passages surround | RNY BA . ; ; engine parts 
18 mm. spark plugs ™ 
prolonging plug life 
Large intake passages 
for freer engine breathing, 
Cast steel ring at upper increased power and efficiency 
groove minimizing groove 
wear 


Full-length water jackets 
for reduced wear 


Chrome-plated, triple-seal 
oil ring for better oil 


control, greater oil economy Engine block and head 


stress relieved for 
greater durability 


Strong, lightweight aluminum 
alloy pistons. Integral steel 
struts for controlled 
expansion, best performance 


Full-Flow oil filter to clean all 


Full-pressure lubrication 
the oil and lengthen engine life Eongreerre 


for longer-lasting bearings 


Forged crankshaft with 
harmonic balancer 
for exceptional durability 


Strong, durable camshaft 
and smooth performance 


for longer cam life ' 
Now... more shoediades power ber your job! The durability of heavy- 
duty construction—the gas economy of six-cylinder design—they’re 
all yours in one engine, the all-new Ford Big Six! 


Built to last with many heavy-duty features, the all-new 
Big Six teams dependable performance with durability and 
gas economy. . . advantages you'll find in every Ford engine! 

All Ford engines are compact, overhead-valve design . . . 
delivering more horsepower per pound of engine weight than 
ever before possible! 

Ford parts are as near to you as your Ford Dealer .. . 
and there’s a nationwide network of Ford Industrial Products 
Dealers to provide you with fast, efficient service. 

For help in choosing the right power for your job, see your 
Ford Industrial Products Dealer today! You have 13 different 


engine displacements to choose from. INDUSTRIAL ENGINES 


AND POWER UNITS 


INDUSTRIAL ENGINE DEPARTMENT, FORD DIVISION, FORD MOTOR CO., P.O. BOX 598, DEARBORN, MICH. 
FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 6787, LOS ANGELES 22, CALIF. 
>FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 1666, RICHMOND, CALIF. 





( West of Rockies write to: 
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FOUR NEW UNIVERSAL ELEcTRIC 


FRACTIONAL H.P. MOTORS 


featuring Free-Aligning bearings ~~ 


—either sleeve or ball Ny of) IN 


- ie 0) 


i 


UNIVERSAL ELECTRIC 

Type 23. 4 pole sleeve bearing 
Type 63 6 pole sleeve bearing 
Type 523 4 pole ball bearing 
Type 563 6 pole ball bearing 


Primarily because of their new bearing assemblies 
(free aligning sleeve or free aligning ball), these 
four new UNIVERSAL motors operate at a reduced 
noise level, start easier and assure an extremely 
long operating life. They insure maximum per- 
formance and efficiency for kitchen ventilators, 
unit heaters, evaporative coolers, condenser fans, 
refrigerated cabinets, etc. These UNIVERSAL 
ELECTRIC motors also offer the perfect flat speed 
torque curve necessary for critical air moving or 
recorder applications. 


an 


L . 
UNIVERSAL Ball Bearing Assembly is resiliently sus- AS | a} gnum . an 
pended in a neoprene collar confined in small metal clips / SS 32% THERMOPLASTIC 105°C VE n2e sce 


that allow free movement along bearing support surface. {22 

With axis of support at its center, bearing can adjust to 

any shaft misalignment. Advantages: reduced noise 

level, easier starting, no snap rings or shoulders or undercuts for 4 POLE SPECIFICATIONS 
stronger motor shaft, no pre-loaded bearings due te misalignment 


for free-running motor, longer motor life. Watts 


UNIVERSAL Sleeve type bearing eliminates fhp —— —. input 
motor bearing problems due to misalignment. Like 52366 1/50 65 
ball bearing assembly, sleeve bearing is inherently 523E8 1/35 80 
in balance; can adjust to any shaft misalignment 523E10 1/25 
100% of the time under any load conditions. 523612 /15 


523614 1/12 












































SPECIFICATIONS 


Shaft Diameter—%s or ¥% inches 6 POLE SPECIFICATIONS 

Mountings—4 point on 27%" or 3%2” (either end 

of motor) 

Either Fan or Mechanical Duty; Internal Fan HP. Input 

Available 1/60 7s 2 

All Angle Operation 1/40 os . 

Cases—Drawn steel, formed and embossed for 1/30 7 
maximum rigidity, compact, rugged design 

Rotor—Diecast and machined to precision toler- 1/20 2.3 
ences 1/15 230 3.1 

Dual and Three Speed Windings 

115 or 230 volt, 50 or 60 cycle Write for complete specifications on your requirements. 

Totally Enclosed Types Available 

Complies with CSA and U/L Requirements 


UNIVERSAL ELECTRIC COMPANY 


PRECISION ELECTRIC MOTORS 
EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, pepr. 12 — 56 





Watts Amps. 
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THE WESTINGHOUSE MAN W/TH 
THE MOTORS BRINGS YOU 


The fastest 

d-c motor response... 
with new fan cooled 
Life-Line H motors 


On-the-line test results (at the right) conclusively 
show the faster response of 30 hp d-c Life-Line H 
fan-cooled motors with these design improvements: 





e 75% reduction in armature inertia 







© 500% commutating ability for accelerating 





© 30% reduction in electrical time constant 
Similar motor performance throughout the line pro- 
vides faster starts, quicker stops, faster reversing, 
precise regulation of speed and torque. This enables 
you to increase production, improve product quality 
and eliminate costly processing complications. 

The unique cooling system combines a built-in 
heat exchanger with air-over-the-motor ventilation 
which permits smaller frame sizes per horsepower 
delivered. Result: less mounting space; less weight. 

In addition, this rugged TEFC Life-Line H 
motor offers many other advantages: 
® Screened air intakes, cast end brackets, and tight 

seals throughout provide resistance to liquids, 

vapors, dirt and dust. 

@ Self cleaning fan eliminates the possibility of 
clogging or fouling. 

® Location of bearing and the outboard bracket 
increases bearing life when load is belt-driven. 

® Uniforce* brushholder assembly automatically 
maintains constant brush pressure throughout the 

*Trademark 





normal life of the brush. 


UNRESTRICTED AIR FLOW .. . The internal 
fan creates an air flow which directs internal 
heat to the aluminum heat exchanger. The 


external fan draws air through the bracket LOCK OUT BRUSHHOLDERS .. . Uniforce brush- 


bottom and side openings, cooling the total 
surface of the heat exchanger. The air con- 
tinues unrestricted over the frame for addi- 
tional cooling. The meshing action of the fan 
and heat exchanger fins provide self cleaning 
action as demonstrated above. 


OUTBOARD BEARING LOCATION, LONGER 
LIFE... Exclusive outboard bearing construc- 
tion keeps foreign matter out. Bearing-to-load 
position remains the same as in drip-proof 
motors for longer bearing life and less possibil- 
ity of shaft breakage under any load condition. 


holder fingers lock-out .. . brushes can be in- 
spected or changed with one hand. Tension re- 
mains constant throughout brush life, no need to 
adjust pressure as brushes wear. This field proven 
design also provides smooth brush ride and 
continuous contact for sparkless commutation, 





















































Your Westinghouse motor specialist is 
equipped with full information on how this 
fast acting d-c motor will fit into your 
production scheme. Call him for help on 
specific applications, or write Westinghouse 
Electric Corporation, 3 Gateway Center, 
P.O. Box 868, Pittsburgh 30, Pa. 


You can be sure... if it’s Westinghouse. 
J-22169 


Westinghouse 
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Lamb Electric's “Clean Room’insures 
fractional horsepower motor perfection 


For assembly of small precision gear motors, Lamb® Electric 
has installed an air-conditioned, dust-free “‘Clean Room”’. 
This innovation, primarily for the assembly of these custom- 
built motors, is essential for eliminating even particles of dust. 
The “Clean Room” is typical of progressive Lamb thinking 
that insures perfection in fractional horsepower motor design 
and manufacture. 

Do you have a special motor problem?...Here’s what you 
can expect from Lamb! Into the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


Cost-wise you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized “‘Motor Conference”. 
THE LAMB ELECTRIC COMPANY’: Kent. Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company, Ltd. 
Leaside, Ontario 


2 mb Electric 


practionat worserower MOTORS 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES * DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS © FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS * UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. * GLASER-STEERS CORP. 
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SILICONE NEWS from Dow Corning 


How To Get More Drive... 





When the heat’s on! Engineers for the Harvey From miniature motors! This servo motor intended 
Aluminum smelting plant at The Dalles. Oregon, take for high temperature and humidity service has “sealed 
no chances on the reliability of anode feed motors in in” dependability with Dow Corning silicone insula- 
the electrolytic cell section. Ambient temperatures are tion. Engineers at G-M Laboratories, Inc., Chicago, 
in the order of 300F. Harvey engineers specified specify that the stator coils of this unit will be vacuum 
Dow Corning silicone insulation for all 960 of the impregnated with Dow Corning solventless silicone 
motors. Operated intermittently to adjust the carbon resin and cured in an inert atmosphere. The cutaway 
electrode level, these motors have the thermal stability picture shows how the resin completely fills the coil 
to assure reliability despite the combined heat of interstices and provides a solid bubble-free mass . 


high ambient and motor load. seals out trouble. 


Where the going is rough! Two 20-horsepower, a-c For a reverse twist! On jobs that call for numerous 
traction motors with Dow Corning silicone insulation drive reversals, you'll find Dow Corning silicone insu- 
keep mine production moving in spite of severe over- lation eliminates frequent motor burn outs. Cadillac 
loads and high temperatures. Goodman Manufacturing Gage of Detroit did. The motors—l-hp, 1800 rpm, 
Co., Chicago, uses these motors on their four-wheel Class A insulation—-were required to make up to 100 
drive “584” shuttle car to assure the extra overload reversals per minute. This created too much heat for 
capacity needed for long life . . . dependable, easy, the Class A insulation. Since putting silicone insula- 
safe operation. If you need rugged motors for tight tion to work, Cadillac Gage has not reported a bit of 
spots, specify Dow Corning silicone insulation. trouble with these lathe motors. 





For the complete story on 
silicone insulated drives, 
write Dept. 5221D. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, 0. Cc 
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Comparative Speed-Torque Curves of NEMA Design B Motor and Typical 
Torque Motor. The speed torque curve varies from that of a conventional 
motor. The torque motor curve is almost linear. Maximum torque occurs at 
the stalled position. For this reason, torque motors are used most often where 
a holding or resisting force is required. 


When holding or resisting force is needed . . . 
TORQUE MOTORS from PEERLESS ELECTRIC 


Motors for tension reel, hoist or those with brake, more often than not call 
for a special design. That makes Peerless one of your best sources. We cus- 
tom build torque motors. . . will work with you to produce the one motor 
that powers your product for peak performance. 

Or we may already have your torque motor in our line. It includes, among 
many others, a weather-proof and explosion-proof valve operator torque 
motor with brakes, 25 Ib. ft., 15 min. duty . . . an explosion-proof torque 
motor with brake . . . a special flange mounting reversing duty hoist torque 
motor, single phase and 3-phase. 

Take your pick, or state your special needs. We have many standard 
and special frame sizes; all types of mountings; class A, B, F, and H insu- 
lation. Ratings from 2 oz. ft. to 200 Ib. ft. 

Write for our FREE ‘‘New Torque Bulletin.’’ Address: Peerless Electric 
Division, H. K. Porter Co., Inc., W. Market St., Warren, Ohio. 


PEERLESS ELECTRIC DIVISION H. K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equip- 
ment, electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, 
forgings and pipe fittings, roll formings and stampings, wire rope and strand. 
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excitation. The author shows how to 
calculate braking torque, using the 
standard induction motor equivalent 
circuit and a simple graphical tech- 
nique, and confirms the method with 
tests on a typical induction motor. 

“How Much Torque from DC Dynamic Brak- 
ing?”, Robert C. Moore, Allis-Chalmers Mfg 


Co, Control Engineering, April 1961, 330 W 
42 St, NY 36. 


Lubrication of 
instrument motors 


Summarizes a panel discussion on 
lubricating requirements, components, 
lubricants. 

“Designing for Motor Lubrication”. Design En- 


gineering, April 1961, 481 University Ave, To- 
ronto 2, Canada. 


Water level indicators 
for boilers 


Gage glasses show a lower water 
level than there actually is inside a 
high temperature boiler. Denser water 
in the gage glass than in the steam 
drum causes this. The author dis- 
cusses remote indicators and compen- 
sators which will give correct readings. 
“Methods of Obtaining Accurate Boiler Water 
Level Indication,” by J. W. Williams, Yarnall- 
Waring Co. American Society of Mechanical 


Engineers paper 60-WA-74, 29 W 39 St, New 
York 18. 


x 


Protecting electric motors 


Temperature can serve as a basis 
for motor protection. Traditionally, 
motor protection starts with line cur- 
rent, as does short-circuit protection. 
But thermal protection is more com- 
plete, more accurate. Overcurrent is 
a common cause of overtemperature, 
but it’s the overtemperature itself 
which does the damage. This ex- 
cludes extra damage caused by fault 
current after initial dielectric break- 
down. 

At the time standards for motor 
overload protection were being devel- 
oped, temperature-sensing devices 
were large and open. They could not 
be located close to motor windings. 
But new ideas in devices and sealing 
methods make it possible to locate 


continued on page 448 
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Equipment designers now have a wider tempera- 
ture range . . . from 150° to 700°F . . . in which to 
design and operate gas-fired equipment and appli- 
ances ... with full control at any point in the 
temperature range. 


The perfection of a combination snap and throttle 
thermostat, Robertshaw's FLAME MASTER FD 
gives flat-line control from 300° up . . . and very 
modest fluctuations in the low range, with full 
control down to 150°. Even the minimum flame 
setting is under thermostatic control. 


W d e r Ra n ge With Robertshaw’s FLAME MASTER FD also comes 


wide adaptability of installation through design 
of flexibility to meet your product's physical require- 
ments. 


Robertshaw engineers will be glad to review the 
Gas Heat temperature control requirements of. your new 

product design in the strictest confidence. 

FLAME MASTER FD could well be the temperature 


Control control you need. Write Robertshaw Thermostat 
Division, Robertshaw-Fulton Controls Company, 
Youngwood, Pennsylvania. For real fast service, use 


now availa ble DIRECT DISTANCE DIALING. Dial 412-242-7171. 


from : . 
Robertshaw pK 


... the name that MEANS temperature control 


VMA 9023 





Photo of Speedo-Max Recorder courtesy Leeds & Northrup Company 
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INCREASE 


PRODUCTIVITY 


WITH 


QUALITY MOTORS 


Boost the productivity of the equipment 
you design by providing motor drives that 
will operate dependably, with a minimum of 
down time for maintenance. Choose a 
motor that is matched to the job, with the 
proper speed...horsepower... voltage— 
that has the right enclosure for your 
application... drip-proof...totally-enclosed 
. explosion-proof. 


Chances are, you can find the exact motor 
you need in the complete line of Wagner 
standard motors...a well-known, 
completely dependable motor with a 
reputation for quality. A few of the many 
motors in the Wagner line are shown here. 
Their excellent performance in their specific 
applications, their price and prompt delivery 
make them a sound choice for 

your equipment. 


OTHER WAGNER MOTORS 

In addition to the motors shown here, 
Wagner also furnishes Increment type 
motor and starter combinations, Multispeed 
motors, Wound rotor motors, Jet pump 
motors, Vertical and flange mounted 
motors, and Air-over motors. Consult your 
nearby Wagner Sales Engineer, or write 

for information. 


% hp Type RK 


Capacitor-start. General purpose single- 
phase motors that operate in any posi- 
tion—provide quick, trouble-free starting 
—pack plenty of power into little space. 
V4 through 34 hp. Also in integral rat- 
ings through 5 hp. 


50 hp. Type OP 


Doubly Protected (Type DP). Cast iron 
frames and endplates protect aaginst corro- 
sion. Drip-proof enclosures are designed for 
protection against falling or splashing liquids. 
Sleeve or ball bearing, 1 through 125 hp. 


400 hp Type ZP 


Tube Ventilated. Cooler running motors for 
heavy duty applications —big fans, blowers, 
pump drives. Tube cooling system holds 
operating temperatures within specified limits. 
Standard TEFC or explosion-proof through 
500 hp. 
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MOTOR, ENGINES AND CONTROLS 


FRACTIONAL HP MOTORS 


Repulsion-start induction. Single-phase 
motors that make tough starts easy. Start 
heavy loads with extremely low starting 
current—stand up under long service. ¥/2 
and 3% hp. Also in integral ratings through 


ee Ce ee ee 


900 hp Type RP 


Open Type Polyphase Squirrel-cage. 
Drip-proof. Suitable for all general purpose 
applications. In 583 frame and larger steel 
frames. Sleeve or ball bearings. Ratings 
through 1000 hp 


Gearmotors. These compact gearmotors 
have greater than usual capacity, cast iron 
frames and housings for corrosion resistance, 
are available with open-protected or TEFC 
motors. Integral-type or all-motor type. 


% hp Type RB 


Split-phase. Small, light weight single- 
phase motors designed for low starting torque 
requirements. These motors can solve many 
application problems economically. 48 frame, 
Yo, Va, Va hp. 


MOTORS 


30 hp Type JP 


Extra Protected (Type EP). TEFC motors 
give complete protection against dust, abra- 
sives, fumes or chips. Cast iron frames pro- 
tect against corrosion. Also in Explosion- 
proof (Type JP). Ribbed frames, 1} to 100 hp. 


25 hp Type DP 


Close-coupled Pump Motors. These 
normal torque polyphase motors, in ratings 
1 through 100 hp, are available-in face 
mounted models with special shaft extensions, 
for direct connection to centrifugal pumps. 


= 


% hp Type RP 


Polyphase Squirrel-cage. Genera! pur- 
pose, normal torque polyphase motors in 
fractional horsepower ratings. 56 frame 
motors for machine tools, pump, fans, com- 
pressors where polyphase power is used. 


10 hp Type RP 


Extra Quiet Polyphase. Smooth running, 
resilient mounted motors, with sleeve or ball! 
bearings, in ratings through 10 hp. Can be 
mounted on walls or ceilings, os well as in 
normal horizontal position. 


A 


Hermetic Motors. For sealed refrigeration 
and air conditioning units, Wagner builds 
hermetic motors in both single-phase and 
polyphase squirrel-cage types, in fractional 
and integral ratings to 600 hp. 


7% hp Polyphase 





BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wasner Electric Corporation 


6406 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


SERVING 2 GREAT GROWTH INDUSTRIES... - ELECTRICAL- AUTOMOTIVE 
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select the 
motor 
needed for 
your 
| application 


Did you know that Barber-Colman Company makes both a-c and 
d-c motors? On these pages we have tried to tell very briefly a 
little about each of our motors. Featuring high quality at low cost, 
Barber-Colman 115 volt a-c (6-220 volt optional) shaded pole 
motors are excellent for commercial and industrial applications. 
Barber-Colman d-c precision motors are available in a variety 

of voltage ranges, styles and specifications to meet airborne and 
industrial applicaticns. Look at the motors illustrated and 

then ask us for more literature on the one that interests you most. 


BARBER-COLMAN COMPANY 
ROCKFORD, ILLINOIS 


A-C SHADED POLE UNIDIRECTIONAL MOTORS 
FOR COMMERCIAL APPLICATIONS 


AYAA — DYAA — KYAA DYAB — KYAB 

Specifications: Specifications: 
Rated horsepower  .0007 to .0010 Rated horsepower .0017 to .0066 
Length 1-1/8” plus shaft Length ... 1-5/8” to 2” plus shaft 
Dimensions.... 2-7/32” x 2-1/4” Dimensions... 2-3/8” x 2-19/32” 
Remarks ....Exceptionally small Remarks ... . High starting torque 

and compact Typical applications —slide pro- 
Typical applications — fan blades, jector fans, hair dryers and re- 

blowers, reroll chart drives, pho- frigerators, vending machines, 

nographs, and gear trains. office machines, and rotisseries. 


DYAF — KYAF — OYAF — CYAF AYAR — BYAR — CYAR — DYAR 


Specifications: 

Rated horsepower .0045 to .032 Specifications: 

Length 1-5/8” to 2-9/16” Rated horsepower .005 to .050 
plus shaft Length 1-29/32" to 3-11/32” 

Dimensions... 2-21/32” x 2-3/4” plus shaft 

Remarks ... . High running torque Dimensions 3-1/8" x 3-1/4” 

Typical applications — fans for Remarks High start or high 
heaters, deodorizers and elec- power rotors available 
tronic equipment; blowers and Typical applications — pumps, 
gear trains. humidifiers, vaporizers, combus- 

tion and industrial controls. 











A-C SHADED POLE 
REVERSIBLE MOTORS 


AYAE-DYAE-KYAE 


Specifications: 

Rated horsepower .00015 to .006 

Length 1-13/64” to 1-53/64” 
plus shaft 

Dimensions 3” x 2-7/8” 

Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 

Typical applications — servomech- 
anisms, remote switching and po- 
sitioning devices, and pen drives. 


OYAE 


Specifications: 

Rated horsepower .0055 to .04 

Length 3-1/8” plus shaft 

Dimensions 3-7/8” x 3-7/8" 

Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 

Typical applications—servomechan- 
isms, recording instruments and 
automatic weighing machines. 


A-C SHADED POLE 
SYNCHRONOUS MOTORS 


DYAJ — KYAJ 


Specifications: 

Rated horsepower .0043 to .0086 

Length 1-3/4” to 2-1/8” plus shaft 

Dimensions .. 2-11/32” x 2-19/32” 

or 2-23/64” x 2-19/32” 

Remarks . . . Develop 30 times power 
of ordinary clock motors 

Typical applications—oscillographs, 
scoreboard timers, viscometers, 
facsimile recorders, x ray timers, 
and microfilm cameras. 
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A-C GEARED MOTORS 
SYNCHRONOUS UNIDIRECTIONAL 
REVERSIBLE 


DOUBLE-PLATE 


ENCLOSED TYPE 


Barber-Colman a-c geared motors 
provide ratios from 4:1 to 
1,333,800:1. Heavy duty gears and 
output shaft plus long life lubrica- 
tion add to the reliability of these 
geared motors. 


A-C 400-CYCLE MOTORS 


AYLO 


Specifications: 

Type . .Split-phase capacitor, squir- 
rel cage rotor 

Rated horsepower ...up to 40 mhp 
intermittent duty 

Voltage 

Rated speed ... 9500 to 11,000 rpm 

Length .. 2.20” excluding shaft and 
brake 

Diameter ‘ 

Brake ....400-cycle brake optional 





A-C & D-C TACHOMETER 
GENERATORS 


For Commercial Installations 


Type DYAE a-c 
reversible shaded 
pole motor acts asa 
low-cost, rugged, ac- 
curate, and depend- 
able a-c tachometer 
or rate generator. 


DYAE 


Precision For Military Usage 
BYLM and FYLM 


generators are ca- 
pable of output volt- 
ages up to 40 volts 
per 1000 rpm, with 

igh linearity and 
low ripple content. 
Excellent for servo 


rate feed back. 
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Fil 


6-115V D-C PRECISION PERMANENT MAGNET, 
REVERSIBLE MOTORS FOR AIRBORNE 
AND INDUSTRIAL APPLICATIONS 


BYLM 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed . 5,000 to 20,000 rpm 
Power input 7 to 155 watts 
Length 
excluding shaft 
Diameter 


7 


DYLM — EYLM 


Specifications (EYLM only): 

Rated horsepower .... up to .055 
intermittent duty 

Rated speed . 5,000 to 20,000 rpm 

Power input 7 to 155 watts 

Length 83” to 2.45” 
excluding shaft 

Diameter 

DYLM is a split series motor in 
the same envelope. 


up to 0.1 


Typical Spasilieiens (27 volts): 
Horsepower ...........+-.. .018 
intermittent duty 


Voltage range ....approx. 3 to 30 


Governed speed 
approx. 1200 to 6000 rpm 


Maximum dia 





FYLM 


Specifications: 

Rated horsepower 
intermittent duty 

Rated speed . 5,000 to 20,000 rpm 

Power input 2 to 70 watts 

Length .77” to 2.40” 
excluding shaft 

Diameter 

Features .constant brush pressure; 
R3 bearings; 3/16” dia. shaft. 


bad 


GYLM with Matching gearhead 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed . .2,000 to 24,000 rpm 
Power input 3 to 60 watts 
Length 1.97” 
excluding shaft and gearhead 
Diameter -75” x 1.63” 
Remarks .. . Rectangular gearhead 
optional, as illustrated. 


up to .055 


up to .040 


GEARHEADS, BLOWERS, 
RIGHT-ANGLE DRIVES, 
FILTERS, GOVERNORS, 
MAGNETIC BRAKES 
Barber-Colman d-c motors can be 
adapted to a variety of uses. Sev- 
eral sizes and styles of blowers and 
gearheads are available. Right- 
angle drives and multiple-shaft 
outputs can also be had for special 
applications. Radio noise filters, 
governors, or magnetic brakes fur- 
nished if required. 


MOTORS 


HYOM 

Voltage range 4.5 to 30 volts 
Governed speed 1500 to 5000 rpm 
0 to .20 oz-in. 


Maximum dia 


BARBER-COLMAN COMPANY 
Dept. U, 1912 Rock Street, Rockford, Illinois 
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SOURCES of your purchased components must help to promote market 


acceptance of your products by providing the required quality at the | 


right price. 
When it comes to electric motors in special designs, you can meet 
ALL of your manufacturing and buying needs by specifying DOERR 


MOTORS! Doerr’s broad experience with thousands of “specials” will | 


point the way to practical designs that fit every need at lowest cost. 


Here’s how you benefit: 
1 READY AVAILABILITY 


Increased Doerr production facilities 
for fast service on special and standard 
motors. Nation-wide field service. 


REALISTIC PRICES 


On special modifications. 


QUALITY-BUILT 


Doerr quality construction assures full 
performance of your products—compact 
Doerr styling adds to appearance. 


SMALL-LOT ORDERS 


Doerr always gives you complete and 
willing cooperation—on any quantity ! 


TYPICAL DOERR 
MOTOR DESIGN 4 


This standard fractional hp. motor of 
the totally enclosed, non-ventilated 


type is typical of the Doerr line. 

Streamlined and good-looking, it is a 5 STA N DA R D M 0 TO R S 

doteee andes oe aaorree vest Also available . . . stocks of fractional and 

product. And this motor is P integral hp. ratings are listed in the 

ABLE FROM STOCK at Doon! Doerr catalog. When your inventory is 
low, Doerr can make short shipments 
on small orders. 


WRITE FOR THIS 14-PAGE CONDENSED 
CATALOG AND MOTOR ‘IDEA BOOK’ 


Shows many Doen special designs that suggest how to solve 
specific problems. Also gives dimension and price data 

on Doerr standard motors. Get your copy... 

please write on your company letterhead. 


DOERR OFFERS YOU... | 
oteetey wears, ci « Seal 
. , totally enclosed and explosion- _ 
@ Full cooperation on specials. es DRake 7-0500 

93 N. FOURTH AVENUE e CEDARBURG, WISCONSIN 
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DESIGN ABSTRACTS continued 


sensing devices entirely within the 
winding. A late design is shown. 

A proper device properly located 
provides over-temperature protection 
for failure to start, loss of ventilation 
and many other causes besides over- 
load. Test data gives trip time and 
temperatures for typical over-tempera- 
tures for typical commercial motors 
protected by purely thermal devices. 
As this data shows, present-day gen- 
eral-purpose motors can be adequately 
protected. Response also seems sufh- 
cient for special! purpose motor designs 
as well as anticipated future designs. 
“Protect Your Motors with Temperature-sensing 
Devices,” by W. J. Martiny, General Electric 


Co, Power, 330 W 42 Sit, New York 36, March 
1961. 


Locomotive diesel 

The 16-cylinder FVDL-16 engine 
grew directly out of an earlier series 
of engines. This paper tells which 
features are the same and which are 
new and the reasons for changes. 
“The Design and Development of the General 
Electric FVDL-16 Engine,” by J. C. Rhoads, 
General Electric Co. American Society of Me- 


chanical Engineers paper 60-WA-272, 29 W 39 
St, New York 18. 


On-Off control systems 


Analysis of this control system pro- 
ceeds in four steps: deriving the equa- 
tions describing the components, 
combining these into an over-all sys- 
tem equation, solving this equation 
for each set of conditions—thus form- 
ing basic phase-plane trajectories, and 
combining the basic trajectories into a 
composite phase-plane plot represent- 
ing system behavior. 

The control system for the jet en- 
gine nozzle is shown in semiblock 
form. The components whose char- 
acteristics affect system behavior are 
the control valve, the motor, the rate 
and error computer, the air supply, 
and the inlet ducting. 

Most complicated of the elements, 
the control valve, consists of a flow 
control valve and a reversing valve. 
Both valve sections are operated by 
pneumatic control signals from the 
rate and error computer. Because of 
the fairly complex pneumatic balance 


continued on page 452 
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new-|ube-free 


Sterling’s variable speed drive 
never requires lubrication 


All lubrication maintenance prob- 


lems are eliminated by Sterling’s 
OT a new variable speed drive. Fret cor- 
rosion is completely eliminated. 
See Sticky pulleys, resulting from im- 


proper lubrication, are no longer a 
problem. Belt life is lengthened; pul- 
ley wear is eliminated. 


Special load-bearing surfaces never 
require any attention or lubrication. 
Keys and bushings will not wear out. 
Shaft surfaces are also tough and 
wear resistant. 


Sterling’s new “Lube-Free” variable 
speed drive can be installed in any 
location, no matter how inacces- 
sible, since lubrication maintenance 
is no longer needed. 

Complete application and product 
information is available by writing 
Dept. S-9, Sterling Electric Motors, 
Inc., 5401 Telegraph Road, Los 
Angeles 22, California—or by con- 
tacting the Sterling field engineer in 
your area. 


Tough shaft surfaces provide unusual 
chemical resistance and anti-frictional 
properties. Specially fabricated keys and 
bushings hold up indefinitely. 


Sterling Electric Motors, Inc. 


6401 TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA, 
A Subsidiary of HATHAWAY INSTRUMENTS, INC. 
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f FE 
manufacture: 


air conditioning machine tools 
appliances materials handling 
dane panelboards and 
communications switch boards 
electrical prime movers 
apparatus pumps 
fans compressors 
blowers general machinery 


these Westinghouse 
products are 
tailored for you 


On these pages are shown some of the 
many components developed and man- 
ufactured by Westinghouse specifically 
for OEMs. Here is one single source for 
technical assistance, manufacturing and 
stocking of all of your electrical needs. 
Use this total service to solve your design 
and manufacturing problems now. Call 
your local Westinghouse Sales Engineer 
or write Westinghouse Electric Cor- 
poration, Box 868, Pittsburgh 30, Pa. You 
can be sure... if it’s Westinghouse. 


)-96163-R 


Westinghouse ~w) 
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NEW 


totally enclosed 
a-c motors 


15% increased capacity, 80% to 
100% longer life at rated loads. 
Totally enclosed motor with Class “‘B” 
insulation for greater performance life, 
lower maintenance under toughest con- 
ditions. Available as standard on | hp to 
250 hp sizes in famous Life-Line “A” 
design. For information, write Westing- 
house Electric Corporation, Box 868, 
Pittsburgh 30, Pa. You can be sure... 
if it’s Westinghouse. 


Westinghouse (w) 
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NEW 


TEFC d-c motor 


For fastest d-c motor response! 
New totally-enclosed, fan-cooled Life- 
Line H d-c motor with 75% less arma- 
ture inertia, 500% commutating ability 
for acceleration results in faster stops, 
quicker stops, faster reversing. 30 hp 
rating accelerates from 0 to 1750 rpm— 
fully loaded—in 1.1 sec. ; similar response 
in ratings | to 75 hp and higher. Write 
Westinghouse Electric Corporation, 
Box 868, Pittsburgh 30, Pa. You can be 
sure... of it’s Westinghouse. 


J-96168 


Westinghouse (w) 
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NEW NEW NEW 


permanent magnet 
runout table 
motors 


improved performance, more 
torque per ampere, high tempera- 
ture insulation. This watertight motor 
is designed specifically for starting, 
stopping, and reversing of rugged steel 
mill machinery and equipment. Epoxy 
insulation system provides full protec- 
tion, highest resistance to corrosive 
agents and retains mechanical flexibility 
throughout its life. Write for Bulletin 
B-8247. Westinghouse Electric Corpora- 
tion, Box 868, Pittsburgh 30, Pa. You 
can be sure... if it’s Westinghouse. 


Westinghouse (w) 
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Guardistor motors 


Eliminate production shut-downs 
from motor burnouts! Static ther- 
mistors in windings sense critical tem- 
peratures—take motor off line, flash 
warning signal. No nuisance tripping— 
no parts to wear out or fail. Available 
on all new Westinghouse motors; all 
types of rewound motors. Write for Bul- 
letin B-7876-R. Westinghouse Electric 
Corporation, Box 868, Pittsburgh 30, 
Pa. You can be sure .. . if it’s Westinghouse. 
J-96180 


Westinghouse (Ww) 
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VOLTRAP* 
surge suppressor 


Positive surge protection for silicon 
and germanium devices: Available 
in 16 ratings from 30 to 480 volts rms; 
clamping voltage range either 250% or 
280% of rms voltage rating; 8 dis- 
charge ratings, 2 to 80 amps; polarized 
or non-polarized units. Write for TD 
19-163. Westinghouse Electric Corpora- 
tion, Box 868, Pittsburgh 30, Pa. You 


can be sure... uf it’s Westinghouse. 
J-96184 *Trademark 


Westinghouse (w) 
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téz* switchboard 
instruments 


No friction, higher sensitivity, in- 
fallable repeatability, unaffected by 
shock or vibration (can be shipped in- 
stalled in equipment). These new West- 
inghouse K-241 and K-25] Taut Band 
Suspension instruments available in 414” 
full view 250° scale or 6” rectangular 
100° scale designs. Meet or exceed ASA 
Standard C-39.1. For sample of TBS 
and Bulletins 43-240 and 43-250, write 
Westinghouse Electric Corporation, Box 
868, Pittsburgh 30, Pa. You can be sure 
. of it’s Westinghouse. 
J-96161 *Trademark 


Westinghouse (W) 
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NEW 


economy K-221 
téz* switchboard 
instruments 


Famous TBS features, plus new 
economy. Lowest priced high quality 
switchboard instrument available today. 
Taut Band Suspension K-22] instru- 
ments offer permanent accuracy and 
are unaffected by shock or vibration 
(even shocks caused by shipping in- 
stalled in equipment). Meets or exceeds 
ASA Standard C-39.1. For TBS sample 
and Bulletin 43.220, write Westing- 
house Electric Corporation, Box 868, 
Pittsburgh 30, Pa. You can be sure... 
if it’s Westinghouse. 


Westinghouse w) 
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had NEW NEW 


e- 


Magnaflow electro- 
magnetic drives 


Economy, less space, 17:1 speed 
range or more. Includes everything 
needed for stepless wide-range speed 
control from a-c power. Has a-c motor 
drive, electromagnetic coupling, regu- 
lating exciter, operator control station 
plus variety of modifications to suit 
special operating conditions (4 to 700 
hp). Write for B-7875, Westinghouse 
Electric Corp., Box 868, Pittsburgh 30, 
Pa. You can be sure . . . if it’s Westinghouse. 


Westinghouse (w) 
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Rectiflow 
adjustable 
speed drives 


Economical, simple, reliable, over 
3:1 speed range or higher, inher- 
ent constant hp characteristics. 
20 hp to 600 hp in open and totally 
enclosed air-cooled designs. Inherent 
fast response and close speed regulators 
make this drive a natural for a wide 
variety of machine tool applications. 
For more information, write Westing- 
house Electric Corporation, Box 868, 
Pittsburgh 30, Pa. You can be sure .. . if 
it’s Westinghouse. 


Westinghouse (w) 
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‘magnet direct 
current brake 


For all applications that require 
fast stopping of the motor and load. 
Available in six wheel sizes, 8” to 23”, 

meets all AISE standard dimension 
requirements. Uses twin magnet epoxy 
encapsulated coils, has six integrated 
compact sub-assemblies and requires 
only two easy adjustments for shoe wear 
and spring tension. Write for B-8248. 
Westinghouse Electric Corporation, Box 
868, Pittsburgh 30, Pennsylvania. You 
can be sure... of it’s Westinghouse. 


Westinghouse (w) 
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NEW 


Black Line control 
transformers 


Especially designed for machine 
tool control. Compact design plus 
Westinghouse’s exclusive “‘BONDAR” 
Class ‘‘A” insulation combines quality 
and minimum space in Black Line 
Iransformers. Offered in a wide range 
of voltage ratings—.025 kva through 5 
kva with a 55° C. rise. For details, write 
for Bulletin B-7879 to Westinghouse 
Electric Corporation, Box 868, Pitts- 
burgh 30, Pa. You can be sure... if 
it’s Westinghouse. 


Westinghouse (w) 
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DESIGN ABSTRACTS continued 


conditions, it is necessary to approxi- 
mate their behavior by a simplified 
description. The reversing valve is 
regarded as having a deadband equal 
to that of the smaller of the two flow 
control valves. When actuated to be 
outside this deadband, the reversing 
valve produces a flow direction cor- 
responding to the sign of the input 
signals. For signals inside the dead- 
band, both sections of the reversing 
valve are open to a very low pressure. 


“Stabilizing On-Off Pneumatic Control Sys- 
tems,” by Karl Eklund Wyle-Parameter, Inc, 
Control Engineering, 330 W 42 St, New York 
36, New York, October 1960. 


* 


Brushless motor 


Silicon rectifiers have been used for 
several years to make brushless de ex- 
cited rotating-field synchronous gen- 
erators. The induced field current and 
voltage during starting have made 
similar brushless synchronous motors 
impractical. The operation and per- 
formance of a new brushless synchro- 
nous motor, made practical by the 
development of high-current silicon- 
controlled rectifiers, are described here. 


“Brushless De Excited Synchronous Motor,” by 
G. M. Rosenberry, Jr, General Electric Co, 
Schenectady, N.Y. Electrical Engineering, Sept 
‘60, 33 W 39th St, New York 18, N.Y. 


* 


Spark plug ceramics 


Lead compounds, formed as by- 
products of combustion in internal 
combustion engines, deposit on the 
tips of spark plugs. Depending on the 
temperature within the cylinder, dif- 
ferent types of lead compounds, such 
as bromides and chlorides, are depos- 
ited. As temperatures within the cyl- 
inder increase, the lead compounds 
become electrically conductive and 
may short out the plug. 

Metal components of the plug, such 
as the electrodes and shell, as well as 
the ceramic insulator, are subject to 
possible corrosion by the hot deposits. 
The ionic diffusion of lead compounds 
into spark plug ceramics was the sub- 
ject of a recent research program con- 
ducted by the AC Spark Plug Division 
to gain more knowledge on the com- 
plex diffusion mechanism involved. 

Radioisotope tracer techniques were 
used in the research program to study 
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the diffusion of tracer ions into ceram- 
ics. Relative rates of diffusion of 
selected anions and cations were de- 
termined along with information re- 
garding the influence of the ceramic 
structure and composition on the rate 
of diffusion of a selected anion. 


“Radioisotope Techniques Applied to Funda- 
mental Corrosion Studies of Spark Plug Ce- 
ramics,” William E. Counts and Dr Willard E 
Hauth, Jr, AC Spark Plug Division. General 
Motors Engineering Journal, July-Aug-Sept 
1960, Warren, Mich. 


* 


Ground-effect machine 
applications 


Many applications have been sug- 
gested for Ground Effect Machines. 
The freedom of the vehicle from inti- 
mate contact with the terrain with 
the attendant capability of traveling 
over land, water, mud, ice, snow, sand, 
etc. in a relatively indiscriminate man- 
ner immediately suggests a large vari- 
ety of applications. Some of the more 
practical ones are given in this paper. 
“Ground-Effect Machine Applications in Mixed 
Terrains,” by M. M. Cutler and A. F. Kossar, 
Wright Aeronautical Division, Curtiss-Wright 


Corp, Wood-Ridge, N. J., Paper No. 270C. 
SAE, 485 Lex Ave, N. Y. 17. 


© 


Marine air cushion vehicles 


Comparisons of the _ over-water 
GEM with other marine vehicles is 
made and some of the major problem 
areas associated with the overwater 
operation are highlighted. A brief re- 
view of current hardware and designs 
is given to show to some degree how 
these problems are being solved. 


“Marine Air Cushion Vehicles,” by P. G. Field- 
ing, Booz-Allen Applied Research, Inc, Bethes- 
da, Maryland, Paper No. 270B. SAE Inter- 
national Congress and Exposition of Automo- 
tive Engineering, Cobo Hall, Detroit, Michigan, 
January 9-13, 1961. 485 Lexington Avenue, 
New York 17, N. Y. 


Controlling tension 


Tension can cause change in a ma- 
terial due to physical deformation, 
stress hardening, and narrowing of the 
material. For example, if tension is 
excessive, wires will break or yield 
under stress; if narrowed, they cannot 
carry safely the same amount of cur- 
rent (the latter can cause local over- 
heating called “hot spots”). Wires not 


sufficiently tensioned will not fill the 
cavity of a given stack of laminations 
or will be loose, causing unbalance to 
rotating equipment or protrusion in 
an air gap. Narrowing down of wire 
or yarn under stress beyond its limit of 
elastic recovery is a serious condition. 
When stretched to the point of 
“flow,” plastic (such as a polymer) 
will change physical structure. A metal 
stressed beyond the point of elastic 
recovery will stress-harden. All of 
these are examples of industrial need 
for tension control. 

When several wires are laid into a 
cable simultaneously, or strands 
twisted into a tire cord, all should have 
the same tension or else some will 
shrink more than others when tension 
is released. 

In production, we usually must deal 
with dynamic tension, the quick in- 
crease and decrease of strain, as in 
starting a machine, or when the 
smooth progress of a material is inter- 
rupted. Such quickly-changing ten- 
sion damages a material more than a 
constant pull; the sudden rise is the 
equivalent of shock. 


“Tension in Industry,” by Dr. Erwin J. Saxl, 
Tensitron, Inc, Instruments & Control Systems, 
845 Ridge Ave, Pittsburgh 12, Pa, Dec 1960. 


7 


Thermometer-well failures 
traced 


Several well failures led to a study 
of their causes. This analytical study 
showed that steam vortices shedding 
downstream from the well set up se- 
vere vibration in the well. 


‘Thermometer-well Failures Traced to Vibra- 
tion,” T. J. Love, The University of Oklahoma, 
Power, February 1961, 330 W 42nd St, New 
York 36. 


Discontinuous control 

The Japanese National Railways has 
developed an automatic braking ap- 
paratus for rapid transit electric trains 
that will apply braking power to this 
50-ton mail car going at 45 mph while 
750 ft from the station and stop the 
train within 4 in. of the desired point 
in the station. 


“Discontinuous Control Stops Train Accurately,” 
by Toshihiko Ito, Japanese National Railways, 
Control Engineering 330 W 42 St, New York 
36, New York, January 1961. 
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the ADAMS RITE 


QUADRASTAT 
CONTROL 


Sy 


APPLICATION: 


... wherever positive contro/ and 
automatic self-locking are required. 


The Adams Rite QUADRASTAT Control employs a self- 
locking principle which permits infinite-positioning through 
use of the primary handle, but absolutely prevents any creep- 
age or change of setting due to vibration or ‘‘feed-back’’ 
forces acting through the driven or actuating lever. 


Uniquely engineered and comprised of only 5 main elements, 
the sturdy but lightweight QUADRASTAT is presently in 
trouble-free use on a wide range of control operations. It has 
been successfully incorporated into such diverse applica- 
tions as tractor throttles, hydraulic valves, governors, air 
ducts, power boats, jet engines, and aircraft drag-brakes. 
The versatile unit may be manually, nydraulically, or motor 
controlled, and is available with handle, actuating lever, and 
quadrant mounted in various positions. 


To learn how the QUADRASTAT can solve your control prob- 
lem, write today for complete details and specifications, 
Department E-3. 


ADAMS RITE 


MANUFACTURING COMPANY 
® 540 West Chevy Chase Drive 


Over half 2 , ” Glendale 4, California 
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(LIMA FZ 


THE LIMA 


GREEN SEAL 
DRIPPROOF MOTORS 


...are unconditionally warranted, if 
properly sized on application, and 
will be replaced FREE OF CHARGE 
if you experience any trouble. 


e Special insulating materials 
assure longer motor life. 

e Special dynamic balancing of rotor. 

e@ Final protective coating of 
GREEN SEAL epoxy varnish. 
Special bearing lubricant. 
Slinger on motor shaft. 
Gasketed connection box. 
Corrosion resistant hardware, 
Corrosion resistant epoxy 
coating on rotor. 


for additional information write to: 


Darrel Bryan 


~ general sales manager 
sams 





GEARSHIFT DRIVES 
VARIABLE SPEED DRIVES 
GEAR MOTORS 

GEAR REDUCERS 
STRAIGHT LINE REDUCERS 
SHAFT MOUNT REDUCERS 
GENERATORS 


ELECTRIC MOTOR CO., 
LIMA, OHIO 
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ELECTRIC MOTORS (thru 150 HP NEMA) 
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ELECTRONIC 


H 3 L L E VARIABLE-SPEED 


ACG CONTROLLER and 
Matching DC MOTOR 


2T60 ELECTRONIC CONTROLLER 
with matching 1/50 H.P. DC MOTOR 


dé aman SIMPLICITY, RELIABILITY and 
VERSATILITY . Thee VEE- 


. for infinitely 
adjustable speeds 
(ratios up to 


100:1), extreme- SPECIFICATIONS 


ly high torque 
and constant 
speed under 
change of load. 
Response __ time 
within % cycle 
of line fre- 


@ Thyraton tube operated controller 
gives stepless operation @ Input: 
110-120 V., 60 cy. single phase @ 
Output: 0-120 V., 
armature @ 1/50 H.P. ball bearing, 
right angle, gear head, shunt wound, 
DC motor @ Reversible @ Armature 
shaft is extended @ Armature speed 
0 to 4000 R.P.M. @ Motors in gear 
ratios: 6, 18, 30, 36, 60, 100, 300, 
540, and 1120:1 in stock. 


200 ma. DC to ™ 


Other models to 
3/4 1.P. motors 
available. 
Request data. 


quency. See typ- 
ical speed-load 
curves depicted 
in graph. 


GERALD K. HELLER CO. 


2673 South Western Street, Las Vegas, Nevada, P.O. Box 4426 
CIRCLE 761 ON READER SERVICE CARD 

















6 12 
LOAD-DC AMPS 


The VEE-ARC CAPACITRON 


TYPICAL SPEED-TORQUE CURVES ON 
‘SHUNT TYPE 1H? 1725 ROM 
WITH CAPACITRON 





IN THIS ISSUE—A 
NEW READER SERVICE! 


THE DESIGN ENGINEERS’ 
PRODUCT CATALOG INDEX 


Here’s a new service that will give 
you details on over 1500 catalogs 
and bulletins now available from 
suppliers. Not a directory—but an 
index! All literature classified under 
product headings and alphabetically 
by companies. Tells you what's 
available: gives you sources of sup- 
ply: enables you to be sure literature 
you now have is up to date! Another 
° ‘ ° 2 great PRODUCT ENGINEERING ex- 


LOAD-DC AMPS clusive. 
REACTRONS and CAPACITRONS are AC controllers 
which operate on an automatic phase-shifting principle with 
resulting high efficiency and negligible heat loss. 
Write us banca your mancad contnen facta 


. . for speed- 
torque control, 
as used in the 
textile, paper 
and wire indus- 
tries for winding 
operations. Typ- 
ical performance 
curves are shown 
in graph. 


THIS NEW INDEX STARTS 
ON PAGE 599 
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NEW BOOKS 





An Introduction to 
Transportation Engineering 
WILLIAM W HAY, prof of railway civil engi- 
neering, U of Illinois. John Wiley & Sons, 440 
Park Avenue South, New York 16. 6 x 9, 505 
pp. $11.75. 

The book overs that area of trans- 
portation information that lies be- 
tween structural design and engineer- 
ing on one hand and the economic 
aspects of various transportation means 
on the other. The subject matter of 
this intermediate area is the effects of 
technological factors on movement 
and the principles involved. A uni- 
fied approach to the problem is 
achieved by cutting across the con- 
ventional boundaries that separate 
railways, highways, airways, etc into 
unrelated problems. This demonstrates 
the common core of problems and 
principles present in all transport sys- 
tems, 


- 


Early Motor-cars 


GEORGE A OLIVER. Stephen Green Press, 
120 Main St, Brattleboro, Vt. 14 x 19, App 
45 pp. Limited edition of 750 copies, $20 
When and why did automotive 
stvling—which now seems to dominate 
the industry—become a part of auto 
design? This book describes and illus- 
trates 12 cars which were the most 
significant models built between 1904 
and 1915. This period was one of 
extensive engineering improvements 
and just making the car go was no 
longer the basic problem. A reason- 
degree of reliability had been 
achieved and designers were able to 
apply themselves to improving brak- 


able 


ing, steering, maintenance and appear- 
ince. This period saw the birth of 
styling and cars began to develop 
characteristic shapes. The early at- 
tempts were severe as the breakaway 
from carriage coach work became more 
pronounced. Though it lacked ele- 
gance, early styling was usually prac- 
tical and frequently handsome. This 
is in contrast to the indiscriminate 
use of sheetmetal and glass that is fre- 
quently referred to as styling today. 
The 12 full-color plates have been 
prepared with precise attention to 
technical detail by the author-illustra- 
tor. The text accompanying each illus- 
tration provides pertinent technical 
data to substantiate the author’s se- 
lection of these cars as the significant 


continued on page 456 
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solutions to 


your special 


timing 
applications... 
HANSEN 


SY NCWHON 


TIMING 
MOTORS 


STANDARD 
8 iN. O2 


® 
h 
HANSEN 


MANUFACTURING 
COMPANY, INC. 


PRINCETON, INDIANA 


@ Versatile Hansen SYNCHRON Timing Motors 
have proved more dependable in meeting im- 
partial test requirements than competing motors. 
Such tests prove that Hansen SYNCHRON mo- 
tors deliver peak operating efficiency continuous- 
ly for as much as 1% years, and longer. 


Each of the 4 Hansen SYNCHRON Timing 
Motors shown here gives this kind of perform- 
ance ... and one could be the solution to your 
timing problem. Some of the wide variety of 
commercial and industrial applications include: 
timing machines; telemetering and transmission 
equipment; cam and valve switches; heating and 
air conditioning devices; recording thermom- 
eters; television cameras and equipment; and 
many others. 


Self-starting and self-lubricating, these Hansen 
SYNCHRON Timing Motors operate efficiently 
in any position. They pull from 8 to 30 in./oz. 
guaranteed torque ... at temperatures ranging 
from —40°F to +140°F and at speeds from 0.8 
to 600 r.p.m., 0.8 to 120 r.p.h. ... in clockwise 
or counterclockwise rotation. More than 200 
types of output available. 


HANSEN ENGINEERING 


Your quickest and best solution to special timing 
application problems can be given by someone 
experienced in that field ... an area in which 
Hansen engineers have been concentrating for 
more than 50 years. 

For help on specific timing application or design 
problems, make use of the specialized experience 
of Hansen engineers. 


SLO. MOTION MAGNA TORC 
1 ern o 


HI. TORQUE 
OC MOTOR N. OL 


20 


a 


ied 
THE FROMM COMPANY 
5150 W. Madison, Chicago, llinois 


H. C. JOHNSON AGENCIES, INC. Ls ¥ 
__ Rochester, N.Y. * lo, N.Y. * Syracuse, N.Y. : 
“Binghamton, N.Y. © Schenectady, N.Y. 

ELECTRIC MOTOR ENGINEERING, INC. 


los Angeles, Calif; * (WEbster 3-7591) 
Oakland, California 


WINSLOW ELECTRIC CO. 
New York, N.Y. * Chester, Conn. 
) Philadelphia, Perin. * Cleveland, Ohio 
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models of an important automotive 
era. The color plates are magnificent 
and would undoubtedly cost more 
than the price of the book if purchased 
separately. The book will prove invalu- 
able to anyone in the automotive de- 
sign field and will be appreciated by 
anyone who has even a passing interest 
in the auto car.—JJK 
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Adaptive Control Systems 


ELI MISHKIN & LUDWIG BRAUN JR. McGrow- 
Hill Book Co Inc, 330 W 42nd St, NY 36, 6 x 
94, 533 pp. $16.50. 

The universal example of adaptive 
control—a form of feedback control— 
is the human being steering an auto- 
mobile. The driver continually in- 
jects small variational signals on the 
steering wheel in order to maintain 


NEW Series FB enclosed 
Helical gear motor. High 
performance - low noise. 
Available with brake or 
clutch. 


every Day vr 


Brevel meets the “feel of the road and car”; i.e., 
the driver is continually measuring 

the dynamics of the process to be con- 
trolled in order that he may be pre- 

uUunuSUuU al pared to effect near-optimum control 
when input signals arise (when the 
eve detects a curve in the road, for 


specifications example). This book—an outgrowth 





of a series of lectures at Polytechnic 
Institute of Brooklyn—is on industrial 
for small motor feedback controls, and covers the 
classic and practical aspects such as 
linear and nonlinear systems, dvy- 
~4 > namics, stability, computer-controlled 
applications systems, digital techniques, queueing. 
and multistage decisions. Graduate- 

Your new products get into level understanding is required. 





production — and to market — Series S 
faster, at lower cost when Open Spur 7 
BREVEL supplies your mo- Gear Motors 
SS, SED GS We RENO S ve Electronics in Engineering 
suitable design! ~- (2nd Edition) 
You ean rely on BREVEL’s ; 
c j a : W RYLAND HILL, professor of electrical engi- 
eo apectareetion te = neering, Univ of Washington. McGraw-Hill 
design, engineer, and volume- Book Company Inc, 330 West 42nd St, New 
produce precision motors that Series W York 36. 6% x 9%, 340 pp. $8. 
give consistently superior serv- _ — For engineering and science stud- 
retical agen ents not majoring in electrical engi- 
We may be making—right now Shaded pole neering, it covers vacuum and solid- 
the motor you need. Write, er gh state electronic devices, electronic 
wire, phone now . . . and find rable Pt circuits, and circuit analysis. The 
ores geared motor. » book presumes a prior knowledge of 
circuit theory from a basic electrical 
engineering or physics course. Topics 
are vacuum and gas-filled tubes, tran- 
iid aie " sistors, rectification, amplification, 
BREVEL PRODUCTS CORP. feedback, the cathode-ray oscilloscope, 
manufacturers of small motors for the appliance industry resonance, oscillators, and transduc- 
SanREIL te oo. & ae eee ers. Sketches of tubes and semicon- 


CHICAGO: Jerry Golten-Co. * 2750 W. North Ave. © EVer: 
buica n ‘ ' glade 4-5959 . 
08 ANGELES: Electrit Motor Engineering, Inc. * 6515 Sunset Blvd. © Hollywood ductors are simple and easy to under- 


TORONTO: 
Plymouth psig oducts. Ltd. © 45 Crockford Blvd. © Scarborough, Ont. © stand. 
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ELECTRICAL AND 
4 i em gfe), ile 
COMPONENTS 


FOR BETTER LIGHT-ACTUATED MECHANISMS—THE PHOTOCONDUCTIVE CELL 
by Robert A Farrall 12 


WHY PILOT LIGHTS MAKE MISTAKES 
by Dorn Pettit 15 


SOME FACTS TO CONSIDER WHEN APPLYING THERMOELECTRIC 
GENERATORS 
by A A Sorensen I7 


WHAT VARIABLES CAN’T YOU MEASURE SATISFACTORILY? 111 


RECENT DEVELOPMENTS IN FUEL CELLS 
by D Sama 114 


DESIGN ABSTRACTS 116 


TRENDS: 


@ Be prepared to think “solid-state” in your product designs—more and more 
of the components you buy will have transistors, controlled rectifiers, thermistors, 
tunnel diodes, and other semiconductors. One electronics engineer recently said 
that the greatest limitation on the use of solid-state devices is the lack of 
awareness by the product designer of what they can do. 

The silicon-controlled rectifier, in particular, is one to watch in the coming 
year or so, Tradenames may be confusing but they all mean the same: SCR, 
Thyrode, Trinistor, and others. Oven controls, variable-speed drives, controlled 
lighting, power amplifiers and other conventional devices are being redesigned 
by many manufacturers to incorporate controlled rectifiers and other semicon- 
ductors. 

To meet the competition of solid-state controls, conventional electromechanical 
components such as machine-tool relays are being greatly improved and also 
reduced in size. There are now miniature relays that are no bigger than a sugar 
cube; miniature high-speed solenoids, stepping relays, and crossbar switches— 
each is still fasi enough to handle most of the applications today. * 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 





cae 3] ELECTRICAL AND ELECTRONIC Gummer oncnts 


From Control Engineering 


For better light-actucted mechanisms 


THE PHOTOCCONDUCTIVE 


Characteri 


ROBERT A FARRALL 


Instrument dept 
General Electric Co 


i: improved characteristics mean that the photoconduc- 
tive cell can now be applied to a wider range of jobs 
than possible with the mose common photovoltaic cells. 
Many of the properties of this cell, which had prohibited 
ts use, have been changed through better manufacturing 
techniques, resulting in a more versatile light detector. 

I'he cell is not self-generating, as are other light-sensing 
ls; rather, its resistance changes when it is exposed to 
ght. As light intensity increases, cell resistance de- 
cases: current through the cell becomes a function of 


} 


hght intensity. 

\lthough the operating principle of the photoconductive 
cll has been known for some time, practical applications 
were impossible until designs were improved recently. 
larly cells used silver contacts, which did not give good 
linic contact in low-voltage ranges. Now that the silver 
contacts have been replaced by indium and tin contacts, 
ilmost any voltage within the dissipation and insulation 
limits of the cell can be used. 

Stability has been improved by hermetically sealing the 
cells in glass enclosures similar to those used for vacuum 
tubes. Previously, the cells had been potted in plastic, 
which water vapor and other toxic agents could penetrate 
ind so attack the photoconductive material. 

Poor sensitivity, for which the photoconductive cell had 
been known, is now remedied by improved doping techni- 
ques. Cells now have good light-to-dark ratios and sensi- 
tivity. Tor example, one type has a dark-resistance of 500 
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1. TEMPERATURE VS CURRENT change for 1, 10, and 100 ft- 


candles. 


CELL 


stics, theory and construction, successful appli- 


cations, advantages and disadvantages of today’s improved 
light-sensing devices. 


7OCS 


megohms, while at 0.05 ft-candles, its resistance g 


down to 200,000 ohms. 

\ further look at the features of the photoconductive 
cell may point up some areas in which it can most 
profitably be used. A summary of the characteristics of a 
typical cell can be seen in the table. 


Advantages 


Characteristics of the photoconductive cell that are ad- 
vantageous in applications are: 


Ability to respond to low light levels—attributable to 
the nearly unlimited sensitivity of the cell, plus its ability 
to operate at high voltage (300 volts plus). By contrast, 
sclenium photovoltaic cells have a limited sensitivity. Ob- 
taining milliampere outputs from a selenium cell requires 
hundreds or thousands of footcandles. The only limit on 
the output of the photoconductive cell is its designed 
power rating. 

Small size—this allows for instrument miniaturization. 
In devices where the viewing angle of the light detector 
is important, small angles can be designed with a mini- 
mum of optical accessories. Exposure meters are now 
available with acceptance angles or angles of view of 
only 2°. For example, light levels of 0.001 ft-c can be 
measured with a cell whose active area is only 0.004 sq in. 


Hermetic sealing—this has made the photoconductive 
cell virtually unaffected by environment. Cells have been 


Bistable 
thermal relay 





_ Surge gaps\ 
] ; a - 
™ aa 























Sensitive relay 


2. .AUTOMATIC STREET-LIGHT SWITCH. Circuit is shown in 
the daytime (OFF) position. When light has diminished to a 
predetermined level, cell resistance rises and the relay is energ- 
ized, in turn energizing the left heater. Light goes on when the 
heater has caused the bistable relay to trip. The same relay dis- 
connects the heater as it turns on the lamp. At dawn the opera- 
tion is reversed. 
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Indium — [= Indium 
contact Wh contact 














Ceramic - CdS or 


or glass CdSe 
bose 








Cadmium sulphide 
or cadmium 
selenide 





-Indium contacts 











Interdigital 
contacts ~ 
(indium) 


Cadmium 
sulphide or 
~cadium selenide 











A. Construction of typical photocell. The photo- 
cell resistance is measured between contacts 1 and 2. 
Therefore, as the contacts are moved closer, the re- 
sistance will decrease due to shorter path between 
contacts. 

B. Plot of resistance vs illumination for a typical 
photocell. 

C. Most common contact configuration 

D. Interdigital contacts give effect of many photo- 
conductors in parallel, thus lowering resistance sub- 
stantially. 

A typical cell available today is composed, in most 
cases, of a support disk or wafer coated with a thin 
film of cadmium sulphide or cadmium selenide (A). 
There will be at least one set of contacts resting on 
top of the coated wafer. Variation in resistance of 
the coating between contacts and wafer produces a 
change of current through the cell. 

The physical picture of this change can be explained 
by semiconductor theory. When a photon impinges 
on the surface of a photoconductive cell, an electron 
hole pair is created. The electron pair rises to the 
conduction band where the hole recombines, but the 
electron continues to move, causing a conduction 
current. This conduction current, flowing through 





Structure of photoconductive cell 





1900,000 
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the photoconductive material, causes the changes in 
resistance. 

As the number of photons increases (greater light 
intensity), more electrons are freed and resistance 
further decreases. With less light, resistance increases 
Relation between resistance and illumination is shown 
at (B). 

Several types of contact configurations are now used 
on photoconductive cells, giving them greater design 
flexibility than the photovoltaic type. A typical cell 
has two contacts, with the resistance being measured 
across them (C). This type can be manufactured more 
easily. It is used where extreme sensitivity is not neces- 
sary or where the light source is very narrow. 

There are also interdigital cells with many small 
interlocking contacts (D). This cell is recommended 
for maximum sensitivity or applications using a broad 
light source. Each contact becomes a small resistor 
in parallel with the others. By increasing the number 
of parallel contacts, the sensitivity is greatly increased 
without changing the cell area. Should a particular 
design require a cell of a certain area, in most cases 
a new contact mask with finer, more closely spaced 
contacts is all that is needed. With selenium photo 
voltaic cells this is not possible 








run in temperatures from 185 F to minus 58 F with no 
adverse effects. Permanent change in cell output at 
these temperatures was no more than the change in a 
standard selenium cell subjected to the same temperatures. 
Selenium cells when hermetically sealed are three to five 
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times expensive and much larger than photoconductive 
cells. 

As temperature increases, photocell resistance decreases. 
The percentage of resistance change is a function of the 
light falling on the cell. Percentage change is illustrated 
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oe ELECTRICAL AND ELECTRONIC 


CHARACTERISTICS OF 
COMMERCIALLY AVAILABLE PHOTOCONDUCTIVE CELLS 





CdS CdSe 





Peak spectral response 5000-6200 Angstroms 6900-7400 Angstroms 
Sensitivity resistance* at 
10 ft-candles ‘ 5-50 kilohms 1. 2-12 kilohms 
1. 5-15 kilohms 0. 5-5 kilohms 
1 


-1000 megohms 1-1000 megohms 


100 ft-candles 
Dark-resistance 
Time response —time to 
reach 75% of reading 
at 10 ft-candles. 
Operating voltage 
Max operating 
temperature 
Min operating 
temperature — 50 to —120F — 50 to —120 F 
Max power dissipation 0.05-0 5 watts 0.05-0. 5 watts 
Hermetic sealing Yes Yes 


0.005-0 05 sec 
1-300 volts 


0.05-0 20 sec 
1-300 volts 


160-185 F 160-185 F 





* Sensivity may be tailored to particular application by cell size and 
contact configurations 


in Fig 1, a plot of temperature vs current change for 1, 10, 
and 100 ft-c. On certain types of cells, primarily Cd Se, 
the resistance increases with temperature. 

Voltage used can be ac or de—Since the photoconduc- 
tive cell can operate equally well on either, there is no 
need to design a stablized de amplifier since an ac amplifier 
can be used. Cell outputs are often high enough to operate 
relays without amplification. 


Disadvantages 


There are, however, some items on the debit side, 


namely 

Cost—photoconductive cells cost about $1.25 when 
bought in quantity and $3 in small quantities. Since most 
cells are hermetically sealed they cannot compete with 
nonsealed selenium photovoltaic cells which cost only 
30 to 50 cents, but as noted above, hermetically sealed 
sclenium cells are much more costly than photoconductive 
cells, 

Lack of data—because they have been in widespread 
use only a few years, limited operational data is available. 

Need for outside power—the photoconductive cell is 
not self-generating, so it needs an outside power source. 
In most control systems this would not be a disadvantage 
because power in readily available, but in applications such 
as an exposure meter, the cell might be inconvenient 
because batteries would be required. 


Successful applications 


The photoconductive cell has already been applied suc- 
cessfully in industry. Three such applications are illus- 
trated in Fig. 2, 3, and 4. They show an automatic 
street-light switch, a “turbidimeter,” and an assembly-line 
counter, respectively 

If colored filters are placed over the active area of the 
cell, it can discriminate between colors. In the same man- 
ner it can also become an indicator of color density. 

The fact that light puts no force on the object being 
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COMPONENTS 


Projected light 


Tronsporent 
pipe section J Direct 
readout 





To contro/ 
circuils 


Sensitivi ly 
adjustments 


3..A TURBIDIMETER. Two photocells are located at right anvles 
to each other on the outside of a transparent pipe carrying the 
liquid to be measured. \ light source is projected directly at 
one cell and at 90° to the other. Cell 1 measures light trans- 
mitted through the liquid; cell 2 measured light scattered by the 
liquid. As the liquid becomes more turbid, cell 2 will receive 
more light. The cells’ outputs are initially adjusted to balance 
the bridge circuit when liquid turbidity is some known value. Any 
deviation from the standard will unbalance the circuit. 


fn a o ~ 
Conveyor 
motion 


4. .COUNTER FOR ASSEMBLY LINES. Circuit is shown in normal 
position with photocell resistance low and relay energized, pre- 
venting current flow to counter. When an object passes between 
lamp and photocell, cell resistance increases, dropping out the 
relay and (position 2) energizing the counter. After the object 
has passed the circuit returns to normal. Cells are capable of 
counting light pulses up to 100 cps. 


measured is probably the major advantage of using light 
in control systems. Direct measurement is made possible 


which could be done in no other way. Wherever the 
transmission, reflection, or absence of light can be used 
to measure a parameter directly or indirectly, photocon- 
ductive cells can be applied to measure and control the 
product with virtually no limit to the applications. 


REFERENCE: 


“The Photoconductive Cell—New Tool for Light Measure 
ment,” by Robert A. Farrall, Instrument Dept, General Electric 
Co. Published in Control Engineering, Apr '61, p 144. 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 





ELECTRICAL AND ELECTRONIC COMPONENTS i 


From: AIEE paper 


SAMPLE CIRCUIT steps down pri- 
mary voltage through a transformer 
for the pilot lamp. 


WHEN PILOT LIGHTS MAKE MISTAKES 


Sometimes they go on when they shouldn’t, and sometimes 
they don’t go on when they should. Here’s why, and what 


to do about it. 


DL PETTIT 
Square D Co 
Milwaukee 


Bn control svstems most pilot lights tell whether a circuit 
is on or off, or signal the position of mechanisms such as 
valves and dampers. Often the signal is a go-ahead to start 
the next step in a process. In such a kev spot the pilot 
light causes serious disruption when it carries false informa- 
tion. Failure to light because of bulb or circuit breakdown 
is easv to understand, but for less obvious reasons the light 
sometimes goes on when it shouldn't. 


Doesn't light 


Push-to-test lights check the bulb but not the rest of the 
circuit. The operator pushes on the ferrule around the 
bulb, and if the bulb is good, it lights. However, the 6- 
automotive lamp most often used is quite reliable. At 
slightly below rated voltage and with its heavy filament it 


has a long life. 
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Lights when it shouldn’t 


Pilot lights in parallel with a circuit are not susceptible to 
this fault, but those operated by a mechanically closed 
limit switch are. One cause of false lighting, of either a 
neon lamp operating on de or a filament lamp operating 
on ac, is completion of the circuit by leakage through the 
wiring insulation. Table 1 shows leakage resistance and 
resulting voltage that will light 10 sample pilot lights 
operating on 480 v ac stepped down through a transformer 

In ac circuits, leakage usually combines with capacity 
feed, which is the more important of the two. Fig 1 shows 
how capacity feed works. The two wires of the primary 
circuit lie side by side in a conduit. There is, effectively, a 
capacitor between the two wires, between each of them and 
other nearby wires, and between each of them and ground 
Through these capacitors flows current 1 = 2*fCE, wher 
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LABORATORY TESTS show voltage in primary when capacitance 
is put in series with transformer to make circuit resonant. 


f is voltage frequency, C is capacitance and EF is voltage 
across the capacitor. Therefore, more current flows at high 
frequencies, high capacitances and high voltages. 

As a result, 440 v and 550 v produce more current flow 
than 110 v. By increasing capacitance, today’s wire insula- 
tion with high dielectric constants (Table 2) also in- 
creases this current flow. 

Leakage current alone can light the lamp, and with the 
addition of a nearly resonant primary circuit the lamp will 
glow even brighter. Resonance occurs if the inductance 
of the primary of the transformer winding correctly 
matches the capacitance of the wiring. 

Laboratory experiments using capacitors in series with 
the transformer show that voltage on the terminals of a 
lamp transformer can run as high as twice line voltage. 
Capacitance for resonance covers a wide range, but capaci- 
tance necessary to get a clearly visible light is around 
0.01 pf. 

lable 2 gives the lengths of wires with different kinds 
of insulation that produce 0.1 wf where: (1) Two differ- 
ent wires running paralle! to each other produce the capaci- 
tance, and (2) the capacitance is between a wire and 
ground. Wire spacing for the tests was s& in., twice insu- 
lation thickness, and there was no leakage. Since several 
wires will normally contribute to capacity feed (Table 2), 
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I—LEAKAGE AND CAPACITANCE NEEDED TO LIGHT LAMP 





Leak Cc 
Semple No. resistance uf 





Primary Percent of 
voltage, v Nominal volts 








260 
260 
256 
320 
364 

91 
290 

97 

23 
385 


008 70 16 
008 70 16 
009 70 16 
006 70 16 
015 64 14 
015 70 
006 124 
019 129 
009 100 
006 95 


SOC@ONOUAWNH — 
ooooocoocoocoo 





Leakage resistances shown are values of resistance to ground at 
which a faint red glow is just visible. Capacities are minimums 
to produce a just-visible glow as found in tests in the graph. 


1l—WIRE LENGTH NEEDED TO LIGHT LAMP 





Wire insulation 
Dielectric constant 
Capacity 2 4 8 
to Wire length, ft 





1 wire 480 240 
2 wires 240 120 
4 wires 120 60 
8 wires 60 30 
Ground (approx) 960 480 





The capacity in these lengths of wire equals 0.01 af in a 1i0-v ac 


system, enough to produce a visible glow. Wire is #14 


3/64-in. insulation. 


minimum length of a conduit run will be fairly short under 
actual conditions, 


Remedies 


e Connect the pilot lamp across an existing load. ‘The 
load raises the current required to light the lamp beyond 
that likely to be accidentally caused by leakage or wire 
capacity. 

e Place a resistor across the pilot lamp primary to get this 
same effect. A 10-w nominal resistor is usually sufficient. 

e Use 110 v or less as a control voltage. Lower voltage 
means lower current through wiring capacitance and higher 
current requirement by the light. 

e Use a relav to control the lamp. With a relay the long 
run to the limit switch is no longer connected by a trans- 
former to the pilot lamp. 

© Place a capacitor across the pilot-lamp primary. About a 
l-uf capacitor puts the circuit beyond the resonant peak 
of Fig 2. 


REFERENCE: 
“Reliability of Industrial Pilot Lights as Indicating Devices,” by 
Dorn L. Pettit, Square D Co, Milwaukee. Presented at the 


American Institute of Electrical Engineers Winter General 
Meeting, NYC, Feb ’61. Paper No. CP 61-106 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


From: AIEE paper 


Some facts to consider when... 
APPLYING THERMOELECTRIC GENERATORS 


A A SORENSEN, 


The Martin Co, 
Baltimore 


"These days a designer is faced with a multitude of electric 
power requirements—from milliwatts to megawatts. Fuel 
cells and thermionic and thermoelectric converters, to- 
gether with improved batteries and rotating generators 
driven by a wide range of prime movers, offer a wealth 
of possibilities to be studied for a given system. 

The thermopile is a contender for many applications, 
now that solid-state physics studies have brought about 
more efficient and uniform thermoelectric materials. It 
has both advantages and disadvantages. Compared with 
other energy-converters it is simple in construction, there 
being no clectrical fluids or extremely close spacing to 
maintain. Being static, the thermopile has the possibility 
of long life. It operates from chemical, solar, or nuclear 
heat sources, is able to use waste heat, and adapts to 
various ambient conditions. On the other hand, its specific 
weight is still high, voltage is low, and time constants are 
long. 

ven so, electromagnetic machines also gencrate low 
voltage from the standpoint of individual turns. Similarly, 
in a thermopile, series connections are necessary to obtain 
required voltages. Power transistors and other solid-state 
devices are now used in efficiently converting direct cur- 
rent to the desired utilization levels and frequencies. Using 
a storage device, we can handle long time constants more 
easily with de than with ac sources. 


Engineering design 

The use of stable metals or alloys for thermocouples 
in measurement and control applications has grown into 
an important technology. Semiconductors also have long 
been recognized as powerful thermoelectric materials. Al- 
though only a few semiconductors are clemental in com- 
position, there are numerous semiconducting compounds, 
many of which will give an clectrical output when sub- 
jected to a temperature gradient. Some of these are 
particularly interesting because, having low thermal con- 
ductivity, they are economical in their use of heat. General 
requirements for these materials for practical use in gen- 
erators are: high electrical output, low thermal con- 
ductivity, stability, and adaptability to production proc- 
esses. 

\n important phase in the materials program for any 
semiconductor is the control of the electron or hole con- 
centration in the crystal. In elementary semiconductors, 
such as those used in diodes and transistors, this is 
accomplished by adding the desired impurity atoms which 
introduce donor or acceptor levels in the band structure 
of the semiconductor. The situation is more complicated 


PRODUCT ENGINEERING - SEPTEMBER 4, 1961 


A rundown on essentials, applications and methods of use for this 


important source of power. 


in binary compound semiconductors because the dominat- 
ing carrier type is influenced by the deviation of the 
compound’s composition from stoichiometry. Thus, the 
material’s propertics are influenced by both the composi 
tion and the doping agent as well as the method of 
preparation. 

One example of such a thermoelectric material is lead 
telluride. Couples of the highest efficiency are obtained 
if the n-type material is prepared with excess lead over 
the stoichiometric ratio and p-type material is prepared 
with excess tellurium. However, the material with lead 
is mechanically superior to the excess tellurium material 
and lends itself better to the mechanical processes neces 
sary in the construction of a generator. 

The method of preparation also affects the mechanical 
characteristics. or example, pressed and sintered lead 
telluride is machined more readily than cast material 
Pressing and sintering methods also lend themselves to 
the preparation of graded thermoelectric arms; that is, 
greater doping of the hot cnd of the arm than the cold 
end. These methods are used because of the temperatur 
dependence of the material’s properties and result in some 
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1—-Seebeck emf vs temperature 
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2—Resistivity vs temperature 


increase in efficiency. Typical characteristics of graded n- 
and p-type arms produced by the pressing and sintering 
method are shown in Figs | and 2. 

In engineering applications, more than optimum n- and 
p-type thermoclectric arms are required, however. Also 
required are a heat source, electrical insulation for the 
hot and cold sides of the couples, thermal insulation, 
electrical connectors for the hot and cold sides of the 
arms, and a heat sink. As far as the heat source and sink 
are concerned, the problem in engineering design is to 
match available heat fluxes with those required for the 
thermoelectric elements. Probably the most troublesome 
item is joining the electrical connections to the thermo- 
electric arms. Soldering is generally adequate for the cold 
sides, but for the hot sides materials must be used which 
do not affect the performance of cither the n- or the p-type 
arms. Fig 3 shows the output of three couples made with 
lead telluride, two with iron electrodes, and one with 
nickel. The drop-off in output with time is more rapid 
for the nickel clectrode due to the hot end of the p-type 
material changing to n-type. 

A useful tool for gaging over-all performance of a 
thermocouple is the couple-potential profile shown in Fig 
4. Fine-wire voltage pickups are attached at points on 
the thermocouple as indicated by the numbers shown. 
Voltages across the cold-end connections are indicated 
by 0 to 1 and 11 to 12, and voltages across the hot end 
connections by + to 5 and 7 to 8. The open-circuit profile 
of the couple shows the voltage distribution between the 
n- and the p-type arms. This will also show up deteriora- 
tion in performance during extended operation and point 
to the cause of the difficulty, such as reverse-doping of 
an arm by the clectrode. In this case, a reverse voltage 
is seen at the hot end of the arm involved. The matched- 
load profile permits a determination of the contact resist- 
ances under operating conditions and shows the output 
distribution between the two arms. The profile also allows 
voltage drop in the body of the electrode connecting the 
two arms to be checked. 

The hot connecting electrode can become an apprecia- 
ble weight item, particularly when contact resistance is 
lowered and the element lengths decreased. Fig 5 shows 
resistance vs. temperature for some of the metals of 
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8—Power output vs time 





2 66 0 12 
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4—Couple-potential profile 


interest for contacts. At higher temperatures. composite 
connectors are indicated to obtain minimum connector 
volume. 

Efficiency is dependent upon the figure of merit (usually 
designated by Z)—a composite of the Seebeck coefficient, 
thermal conductivity, and resistivity. Thus far, the high- 
est figures of merit have been attained by materials suita- 
ble for use in the room-temperature range, as shown in 
Fig 6. Representative of class A are various alloys of 
Bi.Te,. Class B includes TbTe and InSb, while class C 
covers oxides and silicides. In design work, the conditions 
under which operation is to take place must be established 

the heat-sink temperature, range of temperature from 
the heat source, required life, and the characteristics re- 
quired by the load. 


i—Space Applications 


Applications Ratings Limitations 





Electric power source for 1 to 20 kw (15 to 
rocket stages, using cryo- 25% efficiency) 
genic cooling and rocket 

heat 


Weight, thermal log 





Electric power source for 1 watt to 5kw (Sto Pumping losses limit effi- 
satellites, using nuclear 8% efficiency) ciency in intermedicte 
or solar heat sources ratings; heot storage 

needed for solar source 





Control power devices Milliwatts to watts 





ll—-Terrestrial Applications 


Applications Ratings Limitations 





5 to 10 kw (10% 
efficiency) 


Best suited for low-speed, 
intermittent use; battery 
needed for peak loads 


Propulsion for auto- 
motive equipment 





100 watts to 5 kw Pumping losses an appre- 
ciable part of output 


Combustion-powered 
portable electric power (5 to 10% effi- 
source for quiet opera- ciency) 

tion 





Solar-powered battery- 25 watts to | kw Orientation and concen- 
chargers for use in re- (2 to 7% efficiency) tration required for higher 
mote areas efficiencies 
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5—Resistivity of some metals 6 


GENERAL CATEGORIES 


From the standpoint of the effect upon the thermopile, 
designs fall into three general categories: space, terrestrial, 
and marine. 


Space 


rom the design point of view, space is the worst 
application because radiation is the only way to dissipate 
heat. For small-power applications, conduction may be 
used to transport the heat to the radiator. If the power 
is appreciable, though, weight becomes excessive for this 
method and a circulating-fluid system must then be used. 
When a design is optimized for weight by compromising 
between the weight of the radiator and the weight of the 
thermopile and heat source, then the radiator operates 
at a comparatively high temperature. Optimization may be 
carried out by the analytical solution of equations, by a 
computer, or by graphical solution based on calculations 
of several cases, as shown in Fig 7 

Since the temperature gradient in the elements is as- 
sumed to be fixed, the weight of the thermoelectric ele- 
ments does not change greatly with the radiator tempera- 
ture. Thus, for a fixed maximum temperature, the greater 
number of elements required at a higher radiator tempera- 
ture is compensated by their shorter length. This assump- 
requires that contact must not the 
governing factor in element length. Table 1 shows some 
possible space applications. 


tion resistance be 


Terrestrial 


Although nuclear, solar, and combustion heat sources 
are all adaptable for terrestrial use, combustion heat sources 
will likely provide for the majority of applications. Cata- 
lytic combustion processes are especially adaptable to 
thermoelectric generation, since an extended high-tempera- 
ture area can be provided and heat transfer is largely by 
radiation, thus reducing stack losses. Fig 8 shows a 
generator employing this combustion principle. At the 
time the photograph was taken, the output of the gen- 
erator with pressed and sintered lead telluride couples 
was 130 watts. Each of the stacks weighed 463 pounds. 
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oe 


Temp 


Figure of merit vs temperature for 
typical thermoelectric materials 


—— 
Radiator temp 


7—Graphical solution for minimum 
weight for heat source, thermocouples, 
and radiator 


8—Thermoelectric generator employs 
catalytic-combustion process 


Fig 9 shows a profi'e of the temperature distribution from 
heat source to sink. 
For terrestrial applications, as contrasted to space, both 


radiation and convection effects can be used to dispose of 
unusable heat; thus, radiator weight can be much lower 
However, pumping power is needed to move air through 
a radiator, and again an optimization must be made be- 
tween over-all efficiency and weight. Military specifications 
for ground applications set the maximum cooling-air tem 
perature at 125 F. For airborne applications, temperatures 
may be lower or higher depending upon the use. Table II 


demonstrates possible applications. 


Marine 


Marine applications are the most favorable from a heat- 
disposal viewpoint because water is available in quantity 
at a temperature no higher than 80 F. Thus, both the 
machinery for heat disposal and the pumping-power re- 
quirements are low. 
lined in Table III. 

The design of a complete power-conversion system not 
only is governed by the capabilities of thermoelectric ma- 


Some marine applications are out- 
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9—-Temperature profile for thermo- 
electric generator 
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10—Output parameters vs load for 
thermopiles 


terials, but also is strongly influenced by the temperature 
limitations of the heat sources, electrodes, seals, support 
materials, and electrical and thermal insulation. A projec- 
tion of near-term net thermocouple efficiencies for the 
three areas is shown in Table IV. Over-all equipment effi- 
ciencies will be lower because of the factors previously 
discussed. 


METHODS OF USE 


With currently possible efficiencies of about 10%, the 
value of m (ratio of external to internal resistance) is 
approximately 1.3. This means that at the maximum 
efficiency point, the ratio of open-circuit voltage to closed- 
circuit voltage with rated load, is 1.77, or a regulation of 
43.5%, which is equivalent to that of an unregulated ac 
generator. With improved materials, m will be larger and 
the regulation lower in value. A plot of voltage, current, 
and power against per-unit resistive load is shown in Fig 
10. Note that power output is nearly constant over a con- 
siderable range of load resistance. Applications requiring a 
constant power input, such as some motor drives, could 
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11—Arrangements for supplying cyclic loads 


iii—Marine Applications 


Applications Ratings Limitations 





500 kw and up (15 to 
20% efficiency) 


Main propulsion 





250 watts to 100 kw (5 to Best used with battery for 
20% efficiency) system voltage control 


Auxiliary power 





5 to 50 watts (10 to 15% 
efficiency) 


Signal devices 





iV——Net Thermocouple Efficiency 


Application Junction Temp. Efficiency 





Hot Cold 


Space 2000 F 900 F 7.7% 
(1093 C) (482 C) 





Terrestrial 1600 F 150 F 18% 
(871 C) (66 C) 





Marine 1600 F 45 F 21% 
(871 C) (7 C) 





take advantage of this characteristic. In other applications 
needing direct current at various voltages, transistor con- 
verters with internal voltage regulators may be used. 
Similarly, for ac needs, inverters may be used. 

An important use for thermopiles is to supply power 
continuously to a storage device, such as a battery or rotat- 
ing flywheel, from which energy is withdrawn as needed. 
In this application, the thermopile can be operated at its 
most efficient load. The task of regulating the voltage and 
converting it to the required form may be left to the inter- 
mediate equipment. Two arrangements are shown in 
Fig 11. 

Each source of electric energy, be it an electromagnetic 
generator, primary battery, or thermopile, has its distinctive 
characteristics. In working with these sources, engineers 
become aware of their limitations and, thus, fit designs 
to their various characteristics. 


REFERENCE: 

“Thermoelectricity Application Considerations,” by A. A. Soren- 
sen, the Martin Co, AEE Paper CP60-1066. AIEE, 33 W 39th 
St, New York 18. 
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ELECTRICAL AND ELECTRONIC COMPONENTS oe 


From: Instruments and Control Systems 


WHAT VARIABLES CAN'T YOU 


MEASURE SATISFACTORILY? ... 





... Here are answers 


from engineers across VAMAME 


the country who are 
Flow of #6 
fuel-oil 


closely concerned with 


control and _ instru- 


Fluid flow 
and pressure 


mentation. 


APPLICATION 


Fuel for open-hearth 
furnaces, 


Jet fuels; hydraulic 
oils, —65 to 700 F 





Air and gas 
flow 


Probes in small 
passages 


FLOW 


PRESENT 
INSTRUMENT 


DEFECT OF 
INSTRUMENT 


(See Instruments and Control Systems, 


July, ‘60, pp 1157-59) 


Turbine flow meters; 
various transducers 


Probes of our design, 
scaling down from 
NASA standard 





Air flow, 
temperature 


Low flow cooling air 
supplied to heat 
exchanger; 50 to 250 F 





Oil flow 


Missile-system testing 
0-10 gpm— 
10 F to 400 F 


Orifice, turbine, vari- 
able area flowmeter 





Differential pressure 
to 1 part in 2000 


Cigarette smoke, 0-100 


ec/second 


Quality-control testing; 
120 psi, 250 psig max; 
jet engines 





Pressure 
differential 


0-88 in. of Hg at high 


Hot-wire 
anemometer 


Hg manometer 


speed and high accelera- 


tions 


Low accuracy due to 
temperature; slow 
response 


Questionable accuracy 


Low accuracy; cannot 
calibrate reliably at 
extreme temps. 


Slow response, nonlinear 


Poor reliability; low 
accuracy; slow response 








Gas flow at high 
pressure, temperature 


0-50 cfm 


Hot-wire 
anemometer 





Air flow to 
+1% 


Test, gas mass flow 
measurement, 


1-20 Ib/sec 





Liquid flow 
(0-300 cc/hr liquid) 


Pilot plant at 3000 psi 





Small gas 
flow 


Cat reformer 


Orifice, DP cell, 


Slow response; nonlinear 
congested scale 


Poor reliability; high 
maintenance; low 
accuracy; instability 








Displacement 
system 





Flow of gas- 
oil mixtures 


Separator, orifice 
meters, tanks 





Flow of slurry 


5-100 gpm 





Molten 
aluminum flow 


30 to 120 Ibs/hr 
through pipe 





Mass flow 


Hot viscous rosin, | 
to 3000 Ib/hr 





Nonconducting flow 
at low temperature 


Lox 


Slow response; not 
continuous 

Poor reliability; high 
maintenance; low 
accuracy 


High first cost 


Poor reliability; high 
first cost 





Continuous flow 
measurement of 
ethylene glycol 


Low temp. of 10 F 


Magnetic flux 


High first cost 





Fuel flow 





Acceleration tests of gas 


turbine; 0-400 #/hr. 


Turbine flowmeter 


Low accuracy; poor 
reliability; slow response 





continued, next page 
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PRESSURE TEMPERATURE 














VARIABLE APPLICATION PRESENT DEFECT OF VARIABLE APPLICATION 
INSTRUMENT INSTRUMENT 





Pressure Sanitary, food No electrical Temperature Glass bending, 1100 to 
(0-4 psi) processing transmission 


Pressure 0-30 Calibration of Capsules; Bourdon Low accuracy; slow Temperature High-tem X-ray camero, 
psia, psid transducers tubes; manometer response 0-1000 C to 0.1 deg 
———e ona oR ee or better 
High altitude, Altitude chambers to None a ~ a 
humidity 1,000,000 feet; Temperature Electric-arc furnace 
% RH at altitude (4500 F) 


Missile forces, 2000 C and 1 usec 

- pressures, response 
Pumping rate of Metallic deposition Nore temperature 

high vacuum system - : . 

a marvel . Heot transfer High-speed aero- 

Differential Circulating pump, 35 Bellows Poor reliability; high dynamic testing of 

psid; des. 3000 psi maintenance; slow space vehicles 
response 





Pressure Liquid metals, 0-300 psi Filled system High maintenance 





Blood pressure in 50 to 300 mm Hg. Mechanical adaptation High cost; response Differential Ebulliometry-Cryoscopy; 
arm or leg recording of auditory BP slow and intermittent temperature + 0.0001 deg C from 
determination method from 0 to 125 C 








Temperature Muffle Control 


DISPLACEMENT, MOTION, STRESS 





Tension Fourdrinier wire on Strain gage Difficult to apply 
paper machine 





. — High temp. Molten steel 
Torque/rpm 0 to 2500 rpm; None (3600 F +10) 
5 to 200 hp a aesthenetenerenateiniemseemneeinnn — 
F , Temperature Rocket engine testing 
W ater speed Hull speed thru water, Diff-pressure Low accuracy; to 2000 F in reducing atoms 
indicator 0-40 knots transducer slow response 





Torque Dynamometer, 0.1 to Numerous High cost; low Small temperature 0t070C 
3.0# accuracy change 

Acceleration Road tests of cars ™ a 

and deformation Temperature Steel processing 


ee a et OR To se ee (2600-3300 F) 
Torque Springs used on Calibrated spring Low accuracy EN ee aes = 


switchboard instruments; Temperature Plasma jets 
107° to 10>? gm-cm 10K to 20K F 











Horizontal Diese! engine rack Linear High maintenance; Btu Pulverized coal feed, 
displacement position; 1” total potentiometer vibration wears 0—20,000 btu/# 
(remote displacement in pot rapidly ——_——_—__—_— — 

indication) 0.001” steps ‘ Density of flowable Automatic weighing 





ee ee ee P . es solid materials systems, SG 0.4 to 1.0 
Torque Hydraulic motors, Strain gage; Poor reliability; high 
pumps, 4000-6000 break contacts maintenance 


rpm; 100 hp HUMIDITY, 


Vibration Pumps and compressors None 








po ’ Moisture stress in 0-30 atmos., in intact 
Rpm Rotors in closed Magnetic-pickup Low response plant cells plants 
housings; 40-80,000 rpm ence orenicnes 
eta i ‘ $$$ —_—— Relative At all altitudes 
Stress/strain 1 to 7 mil film. Determination at vary- humidity 
of foil (1-100 psi stress) ing sample dryness is 
to 200 C impossible . eae 
— — ——- —- - — -- - Moisture content Clay (brickets) 
Antenna Potentiometer /resolver, ———— 
position Y-360 Time and Evacuation of air from 
—-——— — — —— —- —————— humidity tank; time to evacuate 
Displacement Flight Tests, = 5” to Linear-motion pots Single test expend- tank related to 
(3 directional) + .001” ability % moisture 

















Static strain 0-500, inch/inch at Strain gage low accuracy; ——— 
high temperature drift Specific Acid light hydrocarbon 
gravity Mixtures, sp. gr. 
+ 0.005 











REFERENCE: — 
. , ° Consistency Paper stock, 0-2% 
“What Variables Can’t be Measured.”’ Published in Instruments at 0.1 ACC 

and Control Systems, Aug "60, p 1250. 
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PRESENT 
INSTRUMENT 


DEFECT OF 
INSTRUMENT 


Rayotube 


Slow response 





Voltage control by 
Sorensen regulator 


Low accuracy; controls 
only to 1 deg C at 








Thermocouples 


Low accuracy; can't 

correct for heat flow; 
won't work at hi mach 
due to ionization effect 





Thermistor; 
Wheatstone bridge 


Variable transformers 


Plat-plat-rhod 
couple 


Thermocouple 


Thermocouple and 
millivolt galvanometer 


Immersion couple 


Complicated 


Low accuracy; high first 
cost; slow response; 
does not compensate 
automatically for volt- 
age variations 

High maintenance; 
limited to 3200 F 


Slow response; 
replaced after each 


Low accuracy; slow 
response; insufficient 
resolution 


Poor reliability; 
noncontinuous reading 





None 





None 





Radiation-density 
gage 


High cost 





DENSITY, LEVEL 








w & d bulb; vortex; 
hygro elec element 


Low accuracy; poor 
reliability; slow  re- 





None reliable 





Mercury column and 
electric timer 


Poor reliability; low 
accuracy; no way to 
determine effect of 

moisture on absolute 
time 





Radiation absorption 


High cost; lack of 
temperature compen- 

sation; requires stand- 
ardization in service 





Pressure drop and 
torque 


Low accuracy; slow 
response 
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ANALYTICAL 





VARIABLE 


H.S in water 


Percentage of 
petroleum solvent 
in mixture 


Chemical and 
physical analyses 


APPLICATION 


Foul water stripping 
of effluent, ppm 


Mixture of rubber 
cement, asbestos, dry 
filters, 2 to 20% 

by weight 


Color; specific gravity; 
% chemicals in tetra- 
ethyl load production 





Saturation point of 
carbon bed 


Specific gravity 
of crude oil 


Specific gravity; 
heat content 


Solvent recovery 


LACT, continuous 
measurement 


Natural gas 





Continuous 
viscosity 


Color, pH, brix 


Centipoise 1—1000; 
Non-Newtonian Liquids 


Pineapple quality 
control; grading slided 
fruit for packing at 
rate of 10 slices /second 


PRESENT 
INSTRU MENT 


DEFECT OF 
INSTRUMENT 








Various 


Gas analysis cells; 
Davis LER meter 


None 


Ranarex; Thomas 


Rotating cylinder 


Poor reliability; 
accuracy; slow 
response 


Low sensitivity 


High cost 


Difficult to adapt to 
laboratory glassware 





pH 


Sulfite wood pulping, 
pH 1.0 to 6.0 


pH meter 





Total hydrocarbons 
in auto exhaust gas 


Air fue! ratio 


Automative test, 
0-1000 ppm 


Engine tune up, 
ranges 12/1-18/1 


None 


Poor reliability; 
electrode life is only 
a few hours 


Resistance bridge and Poor reliability; high 


thermal conductivity 








pH 
Catalyst activity, 
pH and carbon 


Normality of 
acids salts 


Biochemical steam 
sterilization, pH 2-10 


Cat reformer 


High temperature 
electrodes 


maintenance; low 
accuracy 

High maintenance; 
fragile electrodes 





Standardizing 
solutions 





Endpoint of light 
hydrocarbons 


Oil Refining 


High first cost; low 
accuracy; inability to 
switch between stand- 
ard and sample, and 
other conditions con- 
trolling pH 


Manual 





ELECTRICAL 





Current 
(104 amps) 


Resistance spotwelding 


Magnetic 
galvanometer 


Poor reliability; low 
accuracy; high 
maintenance 





Neutron flux 


Flux plotting in nuclear 
reactors, 10'? to 10'# 
N/cm ?-sec 





Electron beam 
current 


100u a to 100 ma 





AC voltage, 
current 


Test missile guidance 
system, +.01% 





Clamp-on ammeters 
or magamps 


Hermach-Engelhart 


Below range of 
instrument 


Low accuracy; imprac- 
tical for production line 





Magnetic H and 
B between pulsed 
toroid coils 





Toroid coil mfg 


None 
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From: NEREM paper 


RECENT DEVELOPMENTS IN FUEL CELLS 


Here are some of their characteristics together with some problems 


that have yet to be solved. 


D SAMA 


Lowell Technological Institute 
Lowell, Mass 


F uc! cells are batteries that convert the chemical energy 
of a fuel-oxidant system directly into electrical energy with- 
out going through an intermediate heat step. The main 
difference between fuel cells and ordinary primary bat- 
teries is that the latter do not consume what are normally 
considered to be fuels and oxidants. Also, fuel cells are 
designed to operate indefinitely with the continuous addi- 
tion of fuel and oxidant, while the quantity of reactants 
and the life of ordinary primary batteries are fixed. 

In other energy-conversion devices, such as automobile 
engines, power plants, thermoelectric engines, etc., the 
chemical energy of the fuel-oxidant system is first con- 
verted to heat, and then to work. The conversion efh- 
ciencies obtainable from these devices are thus limited 
by the Carnot efficiency, and are dependent on the operat- 
ing- temperature. Typical conversion efficiencies for these 
systems are anywhere from 10 to 40%. Fuel cells, on the 
other hand, can operate at 100% theoretical efficiency, 
and actual operating efficiencies are of the order of 60 to 
80%. It is this high efficiency that makes fuel cells so 
attractive as energy converters. 


Basic requirements 


The basic requirements for the operation of a fuel cell 
are: Generation and consumption of electrons at the elec- 
trodes, ionic transport through the electrolyte, and (since 
the fuel and oxidant are separate) the provisions of some 
means of mass transport of oxidant to the fuel electrode 
or of fuel to the oxidant electrode. 

Though in most fuel cells either the fuel or the oxidant 
is ionized, this is not a necessary condition. For example, 
we can envisage the oxidation of carbon in a fuel cell 
as occurring according to the equations 

C + 2H,O — CO, + 4H* + 4e fuel electrode (1) 

_4H* + O;—> 2H,0 — 4e (2) 

C + 0,— CO, 

In this case both the carbon and the oxygen remain un- 
ionized. The ions involved in the electron-generating and 
destroying reactions at the electrodes are hydrogen ions, 
which also serve to carry the current through the electro- 
lyte. Oxygen transport is accomplished by water, which 
forms at the oxidant electrode and reacts at the fuel 
electrode. 

When either the fuel of the oxidant is ionized or part 
of an ion, the ionic-transport and the mass-transport steps 


oxidant electrode 
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can be combined, as in the examples shown in 
H,— 2H* + 2¢ 


_2e + 2H* + 40,— H.O oxidant electrode_ 
Hz + 40.—~ HO 


20H- + H,— 2H.O + 2e fuel electrode 


Qe + 40, + H.O — 20H- 

~ Aa + 40. > HO 
These reactions are the reverse of those occurring during 
the electrolysis of water in acid or alkaline electrolyte, 
respectively. In the first set of reactions, the hydrogen 
ion (a fuel-containing ion) is involved in the electron- 
generating and consuming reactions; it also carries the 
current in the electrolyte, and transports fuel to the 
oxidant electrode. In the second set of reactions, hy- 
droxyl ions (oxidant-containing ions) provide the ionic 
function, and at the same time transport oxidant to the 
fuel electrode. 


fuel electrode 


oxidant electrode 


Problems to solve 


Recent advances have resulted in fuel cells that have 
special military applications; however, there are important 
hurdles to overcome before fuel cells find widespread 
commercial use. 

The development of high-current-density fuel electrodes 
that operate on inexpensive fucls is a ncessary prerequisite 
to the extensive use of fuel cells. The fuel must occur 
naturally, or be easily and cheaply obtainable from other 
naturally occurring fuels. In general, this limits the fuel 
to carbon-containing compounds. Natural gas or petro- 
leum fuels are ideal, but fuels such at methanol or ethanol 
are also acceptable. The direct use of coal or carbon in 
a fuel cell is highly improbable, but the use of secondary 
fuels prepared from coal is quite possible. 

The development of an efficient air electrode that op- 
erates at a current density of at least 100 ma/cm* at 
atmospheric pressure is also of primary importance. The 
air electrode should operate with an electrolyte which is 
not subject to degradation in the presence of carbon 
dioxide. 

Big problems still remain in development of the basic 
parts of the fuel cell—the fuel electrode, the oxygen elec- 
trode and the electrolyt, but there is much research being 
expended both in this country and abroad. So, we can 
expect to see a real growth of fuel-cell applications in the 
not-too-distant future. 
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THREE TYPES OF FUEL CELLS. There 
ure many different types, and there are 
abundant references for them in the litera- 
ture. 


Activated porous - 
carbon electrodes 


ye 
4 . 
| 





Ze +0, +0 = H+ 0H 

‘HO, —~ OH + 1720, 
—— = National Carbon Co hydrogen-oxygen fuel 
2e+1/20, + 4,0 —~ 20H cell. 











aaah M,0. 0-0-0. 0-0-0 
Patatatetetatat eee eee 














Electrolyte 


ri Porous electrode 
A L coating 
7 | 





G. E. ion-exchange membrane hydrox cell. S 
2e+ 1/20, +2H— H,0 


. 


——% 

















Jon-exchange 
methbrane 


Porous electrode 





Soluble Soluble 


fue/ : ~ oxidant 


Monsanto soluble-reactant fuel cell using 
hydrazine peroxide. 


Oxidant + electrolyte 
Fue/+ electrolyte — 





Electrolyte 





serena 


04 
x 
xX 




















REFERENCE: 
“Recent Developments in Fuel Cells,” by 
D. Sama, Lowell Technological Institute 
Published in NEREM Record, Nov ’60, 
Institute of Radio Engineers (Boston sec 
tion), Boston. 


H,NNH, + 40H —~N,+ 44,0 + 4e ; 
4 HO —4d 
e+ 2Hg OH 
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RELIABILITY IN RELAYS 


or a product such as the relay, a 
high reliability level can be attained 
only by a continuing program of 
product development and _ improve- 
ment. With the “envelope” estab- 
lished by the technical requirements 
of existing specifications, standard re- 
lays can be and are being produced 
that are significantly more reliable 
than the minimum called for by the 
specifications. In fact, all standard 
relavs can be made even more reliable 
bv certain variations in material, de- 
sign or construction detail which are 
already known to relay manufacturers, 
and can be incorporated into the 
product provided there is an incentive 
to do so. 

The procedure described in this 
paper proposes that specified test pro- 
cedures should be revised to provide: 

1 | a method of classifying relavs into 
lifferent levels of reliability by specifv- 
ing appropriate life test sampling pro- 
cedures, and (2) an incentive to im- 
prove relay reliability by means of a 
qualification provision which identifies 
each relav with the reliability level it 
has attained. 
“Reliability Provisions in Specifications for 
Relays,’ by Charles J. Brzezinski, Office of the 
Assistant Secretary of Defense (Supply & Logis- 
tics). Published in the NARM Relay Symposium 


Papers at the 8th Annual Relay Symposium at 
Stillwater, Oklahoma. 


* 


Semiconductor 
strain-transducers 


In this paper it is shown that some 
of the defects of lightly doped semi- 
conductor strain-gauges can be re- 
moved by going to considerably higher 
doping levels that have previously 
been employed. Measurements in the 
range from 5x10" to 10” boron atoms 
per ce in silicon result in a somewhat 
reduced gauge factor but one which 
is more constant with temperature and 
with strain. It is shown that there is 
a nonlinearity inherent in_ lightly 
doped semiconductor strain gauges. 

While various circuits can be used 
to take advantage of this effect and 
alleviate its deleterious effect, the 
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higher linearity of highly doped ma- 
terial is a decided advantage. Fluctua- 
tion noise is also less for a highly 
doped material and strains in the 
order of 3x10°" have been measured 
by using such gauges. 

“Recent Developments in Semiconductor Strain 
Transducers,” W. P. Mason, J. J. Forst and 
L. M. Tornillo, Bell Telephone Labs. Instrument 
Society of America paper 15-NY60, 313 Sixth 
Ave, Pittsburgh 22, Pa. 


+ 


Timers 


Available timing devices can delay 
making or breaking a switch, show 
time clapsed during an_ operation, 
show in-use time totals for machines, 
turn machines on and off at regular 
and irregular intervals, operate a ma- 
chine or process for a pre-set time 
duration, vary set point with time, 
program timed sequencing of single 
and multiple circuits, and track and 
control ballistic objects, etc. Com- 
parative techniques are shown. 
“Timers.” Instruments and Control Systems, 


August 1960, 845 Ridge Avenue, Pittsburgh 12, 
Penna. 


* 


Storage battery separators 
This investigation compares the 
physical structure of the newer types 
of separators with Port Orford Cedar 
wooden separators and shows how the 
various factors affect the resistance of 
the separators. It also shows what 
combination of factors appear to be 
necessary for a good separator. 
“Microstructure of Storage Battery Separa- 
tors,’ by J. A. Orsino and E. J. Dunn, Jr, 
Research Laboratories, National Lead Co, 


Brooklyn, New York, Paper No. 269L. 485 
Lexington Avenue, New York 17, New York. 


+ 


Design problems in 
microminiaturization 

Today’s physical designer of mili- 
tary electronic equipment is caught in 
a gigantic squeeze. He must make the 
equipment increasingly smaller, lighter 


tC 


and more reliable, while meeting more 
and more severe environmental condi- 
tions. 

This discusses some of the methods 

and techniques that have resulted in 
size reductions of 100 to 1000 times 
during the past decade and examine 
some of the approaches that promise 
a 10 to 1000 times additional size re- 
duction in the next decade. 
“Design Problems of Miniaturization and Mi- 
crominiaturization,” J. J. Staller and W. E. 
Scott, Sylvania Electric Products, Inc, Need- 
ham, Mass. Paper No. 3.2 published in NEREM 
Record, Nov 1960, Institute of Radio Engineers 
(Boston section), Boston, Mass. 


* 


Power-cable shielding 

Within the past few vears, there 
have been a number of interesting 
papers relating to the characteristics 
of power-cable shielding, covering 
both theoretical and _ experimental 
work being done in this field. A com- 
prehensive laboratory investigation was 
undertaken in which resistance, in 
ductance, and capacitance of such 
cables with variations in shielding were 
measured at high frequencies, using 
techniques which, in general, might 
permit the simulation of surge condi 
tions. 
“Characteristics of Power Cable Shielding,’ 
by T. N. Mitropoulos, R. J. Fogel and C. J 
Tang, Simplex Wire and Cable Co, Cambridge, 


Mass. Electrical Engineering, Sept ‘60, 33 W 
39th St, New York 18, N.Y. 


+. 


Optical masers 


Until recently, all sources of visible 
and infrared light have been essen- 
tially hot bodies. In them, individual 
atoms or ions radiate independently 
and the phase fluctuates randomly 
from moment to moment, and from 
point to point. That is, the light is 
emitted over a more or less broad 
band of frequencies, and the intensity 
per unit frequency range is limited to 
that radiated by a black body at the 
effective temperature of the source. 
Thus, natural sources contain a range 
of colors, and are not monochromatic. 

All of these difficulties are overcome 
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by extending the maser principle 
(microwave amplification by stimu- 
lated emission of radiation). 

The stimulated emission process in 
the optical maser is cumulative, caus- 
ing the excited atoms to radiate as 
fast as they are supplied. Thus the 
total light output of the optical maser 
may be much more than these atoms 
could radiate spontaneously. Within 
the small range of frequencies of the 
very narrow output beam, the output 
power should be enormously greater 
than that attainable in any previous 
light source. 

“Optical Masers,” A. L. Schawlow, Bell Tele- 
phone Labs, Murray Hill, N.J. Paper No. 33.1 
published in NEREM Record, Nov 1960, Insti- 


tute of Radio Engineers (Boston section), Bos- 
ton, Mass. 


Battery technology 


This paper shows how far electro- 

chemistry and battery technology have 
progressed in the utilization of the 
energy of materials. 
“The General State of Advancement of Battery 
Technology,” J. J. Lander, DelcoRemy Div, 
General Motors Corp, Anderson, Indiana, 
Paper No. 269E. 485 Lexington Avenue, New 
York 17, N. Y. 


Battery systems 


A review of the battery field and an 
evaluation of the status of the lead 
battery, as compared to other com- 
petitive systems. 

“The Choice of Battery Systems,” by C. G. 
Grimes and W. S. Herbert, The Electric Storage 


Battery Co, Paper No. 269D, SAE, 485 Lexing- 
ton Avenue, New York 17, N. Y. 


Magneto-thermionic power 


A design concept is _ presented 
which, under certain conditions, im- 
proves the efficiency of thermionic 
generators. The proposed concept 
envisages the application of a magnetic 
field perpendicular to the electrode 
surface. This applied field counter- 
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acts the adverse effect of the self-in- 
duced transverse magnetic fields pres- 
ent in large thermionic generators. 
In addition, the applied magnetic field 
may be used as a modulating device in 
order to generate an alternating cur- 
rent. 

“Magneto-Thermionic Power Generation,” A. 


Schock, Republic Aviation, Electrical Engineer- 
ing, Dec ‘60, Farmingdale, N.Y. 


- 


Precise-frequency 
power generation 


The system described generates 
precise-frequency power from an un- 
regulated shaft through use of a high- 
frequency variable-speed __ brushless 
generator, a semiconductor frequency 
changer, an output filter, and a volt- 
age and frequency regulator. 
“Precise-Frequency Power Generation from an 
Unregulated Shaft,” by K. N. Chirgwin and 


L. J. Stratton, Jack & Heintz, Inc., Electrical 
Engineering, Dec ‘60, Cleveland, Ohio 


+ 


Mechanical feedback 
for electrohydraulics 


Describes system originally devel- 
oped for aircraft control based on me- 
chanical position feedback, used to 
eliminate electrical position transduc- 
ers and associated circuitry. 

“Using Mechanical Feedback in Electrohydrau- 
lic Systems,” Garnhost and Kolm, Moog Servo- 


controls, Inc. Automatic Control, Dec 1960, 
430 Park Ave, New York 22. 


* 


Tunnel diode applications 


Tunnel diodes can be used to 
amplify, switch, or generate oscilla- 
tions and can be combined with tran- 
sistors to take advantage of favorable 
features of both devices. Basic circuit 
simplicity, high-speed operation, and 
various methods of combining tunnel 
diodes with transistors are illustrated 
and described. 

“Tunnel Diode Applicatiéms,” by C. D. Todd, 


Hughes Aircraft Co. Presented at AIEE Tunnel 
Diode Symposium, Feb 17, 1960. 
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Solar-powered diode 


Intense interest in thermionic con- 
version in the field of space power 
supplies rests on two inherent proper- 
ties of this tvpe of conversion process: 
solar energy can be converted to elec- 
tric energy without use of moving 
parts of any kind; and diode anode 
can operate at temperatures between 
600 and 1,500 K permitting efficient 
rejection of heat by radiation only. 
Diode has additional advantages of 
instant and_ repeatable _ start-stop 
capabilities. 

“Design of a Solar-Powered Thermionic 
Diode,” W. J. Leovic, Member AIEEE; M. W. 


Mueller, Thompson Ramo Wooldridge, ¢nc., 
Electrical Engineering, Dec ‘60, Cleveland, Ohio 


a 


Transistor switches for 
industrial service 


Tells how transistors perform logic 
functions, looks at available systems 
and components, gives tips on selec- 
tion and use, and shows case studies 
of transistor logic at work in industry. 
“Transistor Switches for Industrial Service,” 
John C Sturman, Lewis Research Center, Na- 
tional Aeronautics and Space Administration 
Control Engineering, March 1961, 330 W 42 
St, NY 36. 


“Swiss cheese” circuits 


Results of miniaturization work on 
semi-conductors are the “dot” diode 
and the “comma” transistor. In the 
course of development work, potential 
users asked how these devices could 
be used. Efforts to answer this ques- 
tion resulted in the swiss cheese con- 
cept. This involves inserting the 
“dots” and “commas” into holes in 
0.030-in. thick circuit boards, along 
with compatible passive devices. De- 
vices are then interconnected either by 
ultrasonic welding or by stencil print- 
ing of conductive adhesives. If desired, 
this stencil could deposit the circuitry 
patterns at the same time. 

The swiss cheese concept features: 
Simplicity of interconnection, repair- 


continued on page 482 
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GRAPHALLOY BRUSHES 


are used on such equipment as... SERVO SYSTEMS * SYNCHROS 
* CHOPPERS * RADAR * GYROS + INVERTERS * THERMOCOUPLE 
and STRAIN GAGE CIRCUITS + GUIDED MISSILES + PULSE 
SYSTEMS * DIGITAL COMPUTERS * WAVE GUIDES * SONAR 
* TRANSDUCERS + TORQUE INDICATORS 


SILVER GRAPHALLOY BRUSHES and 
BRUSH & SLIP-RING ASSEMBLIES... 


Silver GRAPHALLOY Brushes have been widely used because 
of LOW and CONSTANT CONTACT DROP, EXTREMELY LOW ELEC- 
TRICAL NOISE and LONG LIFE. Over 200 grades are now serving 
in a wide variety of applications. Silver GRAPHALLOY Brushes 
on ¥2”-diameter coin silver slip rings have operated successfully 
in highly critical electrical circuits at speeds up to 100,000 R.P.M. 
Our Engineering Department will assist in determining the exact 
grade of GRAPHALLOY for your needs. Ask for our Brush Inquiry 


Form 109. 


Standard “Flat” rings have %4” ra- 
dial contact surface and ¥%” radial 
spacing between adjacent rings. 


No. 168 Series 


flat type 
to 20” O.D. 


SLIP RINGS 
Solid Coin Silver 


Standard Coin Silver Slip Rings, 
both cylindrical and flat types, are 
illustrated at right. We recommend 
the cylindrical type rings with three 
brushes per ring . . . spaced at 120°. 
The cylindrical type are designed 
for press fitting over standard steel 
shafting. The flat type rings are de- 
signed for nesting either on an insu- 
lated plate or for molding into 
insulation. Insulated slip rings of 
either type or slip-ring assemblies 
can be furnished with leads attached. 


BRUSH HOLDER 
and CAP 


Tapered Insulating Bushing Brass Body 


INSULATED 
CAP 


No. 116 Series 
cylindrical type 
to 36” O.D. 


43 
" 


BRUSH HOLDER 


¢¢ 


a3 
:: 


Other Sizes 
Available Copper Slip Rings, 
flat or 
cylindrical, 

are available. 


SLIP-RING WIDTH 
HOLE DIAMETER 


. ww | @ ss 


281" 4," 129” 
281" 75%" 160” 
313” 3%," .193” 
438” 13," .256x.193” 
438” 1h," 256" ! 
533” 154," .382x.256" 
813” 828" 628” 15%” .382” 
31392¢ Y%,” sq. " 11," Va" 1.126" 1.141” 878" 1%,” .503” 
tShunts are p ing hole di for brush holder dimension D. 
Request and fill in Brush Inquiry Sheet, Form 109, so that we can supply 
the proper grade of brush material. 





404” 
404” 
441" 
561” 
561" 


Ale" 
418" 
AS" 
573" 
573” 
672" 682" 


14326 4" sq. 
115094 5,” sq. 
11570t ,” sq. 
V9OTTT 4” x He” 
11527 4" sq. 
14292 94" x Yq" 
12166+ 3%” sq. 


Model 319 
CYLINDRICAL 
SLIP-RING 
assembly 


Model 399 BRUSH and 
, SLIP-RING assembly 

"Ke Pedestal 
Mounted 





Solid Coin 


ASSEMBLIES 


GRAPHALLOY, because of its inher- 
ent non-welding,and arc-quenching 
characteristics, is used widely for 
contacts...especially where posi- 
tive breaking of a circuit is required. 


BUSHINGS, Oil-free 
Replace oil- 
lubricated bush- 

ings in synchros, 
instruments, tim- 

ers and missiles 


Advantages: 1) Lower friction at 
room temperatures. 2) No oil to 
solidify at low temperatures. 3) No 
oil to carbonize at prolonged ele- 
vated temperatures. 


Ask for Data Sheets 270 and 277 


on Miniature Bronze-~GRAPHALLOY 
Bushings. 


CONNECTORS (garter 


springs) 

These silver-plated 

coil spring Connec- r=) 
tors make for posi- 

tive electrical connection to the 
brass body of the brush holder by 
snapping into the groove on the 
holder. The connecting lead can be 
pre-soldered to the Connector. 





GARTER SPRING BRUSH 
CONNECTORS SIZE 


BRUSH 
HOLDER NO. 





127-9 
127-9 
127-10 
127-14 
127-14 
127-18 


14326 
11509 
11570 
19011 
11527 
14292 


Yq” sq. 
2" $q. 
Ke" $4. 
Ya" xe" 
Va" 3q. 
4" x Y," 
127-20 ¥,” sq. 12166 
127-24 Vp" $4. 31392 


CLUTCH FACINGS and 
CLUTCH GEAR ASSEMBLIES 


Torque remains 
same within close 
operating limits 
despite changes in 
temperature and humidity. For in- 
strumentation, guided missiles, con- 
stant friction devices. 


Speed 


Silver Rings 


move. mincs trnctn Slip-ring 156” 
Terminal 4” 
2%." |+Assembly [.D.: 
W/i5” .814"/.813” 
4'¥4” Range: Same as 
6/5" for Model 399 


319-4 4 
319-6 6 
319-10 19 
319-14 14 


Model 409 
FLAT SLIP-RING 
assembly 


c a \ 
1 





~ 
Solid Coin 


Silver Rings Hub: O.D. 2” 





I.D. 1.573” 
/1.571” 
Length 1%” 


OVERALL 
MODEL RINGS 0.D.—"A" 





409-2 2 51" 
9-4 4 7” 

409-6 6 8h” 
409-10 10 11'4” 


To 5 amps., 
125 v. 

More rings on 
application. 


SPRING BINDING POSTS 
(with or without Insulated Cap) 

O.D.: %”, $e 

Lgth.: 4”, 44”, *%2 


Also Miniature Spring Type! 


GRAPHITE METALLIZING CORPORATION : 
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bolt slot distances 
Cl te CL 


**OVERALL 
LENGTH 


WIDTH LENGTH 
4'A" Ph" 
4" 8!” 

399-10 10 «=64'A” ~—s‘10” 

399-14 4 4A" 1A" 

**Te outer end of coupling 

Specifications: Width 6%2”—Height 
62” Shaft CL above base 3%”. 

Applications: from strain gage or 
thermocouple up to 5 amperes, 
125 volts, 250°F. 

Speeds to 5,000 RPM. 

Three Silver-GRAPHALLOY Brushes 
per solid coin silver slip ring. 

Extraneous noise level low. 

Rugged in design and construction. 

Readily connected mechanically 
and electrically. 

Complete coupling provided for 
1%e” shaft. 

More rings and higher speeds avail- 
able upon application. 





NEPPERHAN AVENUE 
YORK 
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...with the most basic tools at an engineer’s disposal: experience, a drawing 
board, and a complete catalog of instruments and controls designed for the 
automated process. That’s why you’ll find more and more design engineers 
coming to depend on the new General Controls Automation Controls Catalog. 
Here is a “working” catalog for the shirt-sleeves engineer, because it puts 
a complete diversified line of controls for automation in a single usable format. 
When you get yours, scan through it quickly. You’ll find everything you need 
for that next job — program timers, actuators, automatic valves, sensing 
devices, potentiometers, and counters. There is also an experienced staff of 
field engineers ready to lend a hand when you need it. Send for your copy 
~of this new catalog now. 


GENERAL CONTROLS 


Glendale, Calif Skokie, Il! Guelph, Ontario, Canada 
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™s AMPin-cert’ “ime GIVES YOU BOTH “sss maintenance” WITH ALL 3 


AMP-LOK® AMPEEZ’ FASTIN-FASTON 


self-locking friction contacts 7, 14 and 20 circuit 1, 2, 6 and 8 circuits 

create positive wiping action insertion/extraction force of contacts are self-locking in housing 
iow millivolt drop 2-5 Ibs. per contact fully tested for millivolt drop 

3, 4, 6, 9 and 12 circuits @ | 'ab-Gap Lok” prevents nylon or cycolac housings polarized 
wire ranges #22-#18, #20-#15 contact spread to prevent circuit errors 

and #18-#16 AWG fits wire size range #18-#14 AWG wire insulation support for vibration 
nylon housing has “snap-in” wings amperage rating 20-25 resistance 

for through panel use e “ylon housing polarized @ full wire size #18-#14 AWG 

keying plug prevents mismatching for perfect mating 


caps in side-by-side mounting @ mounts flush—only .125” projects . 
from panel front Trademark 


This line of AMPin-cert Connectors gives you minimum insertion and withdrawal forces, maximum amperage 
ratings, resistance to vibration, corrosion and environmental factors . . . everything to assure lower assembly 
costs, rugged performance and simplified maintenance. Check these features and see how they fit your design 
plans. Any additional information you may need will be sent on request. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia e Canada e England « p ae © Holland « Italy » Japan « Mexico « West Germany 
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having rare longevity 


This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances over an exceptionally long life. Example: tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
million operations. 

But that’s far from all. This is a sma// relay . . . about a one inch cube. This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile . . . its 4PDT contacts will 
switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
5-5251, in Princeton, Indiana. 


1/16" HIGH NUMERALS -RAISED 005 APPROX 


























KHP SERIES SPECIFICATIONS 
CONTACTS: 
Arrangement: 4 Form C, 2 Form Z 
Material: %” dia. Silver standard. Silver cad- 
mium oxide and gold alloy availabie. 


Rating: 3 amps @ 30 volts DC or 115 volts AC 
resistive for 100,000 operations 

COILS: 

Resistance: 11,000 ohms max 

Temperature: Operating Ambient: —45°C. to 
+70°C. 

Power: 0.5 watts min operate @ 25°C. 0.9 
watts nom. @ 25°C. 2.0 watts max. @ 25°C 

TIMING VALUES: 

Nominal Voltage @ 25°C. Mex. Valves 
Pull-in time 15 ms 
Drop-out time 5 ms 

INSULATION RESISTANCE: 1500 megohms min 

DIELECTRIC STRENGTH: 

500 Volts RMS 60 cycles between contacts. 

1000 Volts RMS 60 cycles between other elements 

MECH. LIFE: In excess of 100 million cycles 

SOCKET: Solder lug or printed circuit terminals. 
Available as accessory. 

DUST COVER: Standard 

TERMINALS: Solder lug and taper tab. 


KHP SERIES RELAY NOW AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@ POTTER & BRUMFIELD 


DIVISION OF 
IN CANADA: 


AMERICAN MACHINE & FOUNDRY COMPANY «6 


PRINCETON, INDIANA 


POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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Find the time control you need here 
...of write for Cramer Catalog GB-970 


STOP CLOCKS 

Type 691: Time totalizer to 
measure and indicate elapsed 
time intervals. All-electric start, 
stop, reset permits local or 
remote control. Ranges 60 sec- 
onds or 60 minutes in 1/100ths, 
or 60 minutes in seconds. Accu- 
racy within .01 second. 


SYNCHRONOUS MOTORS 
Type 117: Compact, high per- 
formance Cramer permanent- 
magnet synchronous timing 
motor. Available in speeds from 
60 RPM to ¥% RPD, motor starts 
and stops instantly, is perma- 
nently lubricated and operates 
only at truly synchronous speeds. 


CYCLE TIMERS 


Type 540: Multiple-program 
cycling timer synchronizes up to 
20 independent load circuits. 
Time ranges from 1 sec. to 11 
days. Cams field adjustable by 
user to factory standards. Ver- 
satile unit changes program 
sequence and timing with approx. 
Y% of 1% full cycle accuracy. 


TIMERS TO “MIL” SPECS 
Type 620: Miniature elapsed 
time indicator for 115 volt, 60 
or 400 cycle operation. Meets 
relevant tests of MIL-M-7793B 
and MIL-E-5272B, dimensional 
requirements of MS-28053 and 
NEMA. Registration 9,999.99 
hours, weight 4 oz., hermetically 
sealed. 


TIME DELAY RELAYS 
Type 412: Provides adjustable 
time delay between operation of 
control circuit and subsequent 
— or opening of load cir- 
cuit. Setting pointer and inde- 
pendent progress pointer, 300° 
scale. Repeat accuracy % of 
1%. Ranges 6 seconds to 24 
hours. 


There are many other timing devices — literally hundreds of them — 
engineered by Cramer for exacting industrial and military applications. 
Accurate, dependable performance of all Cramer products is assured 
by sound basic design, careful assembly and 100% inspection. Here, at 
Cramer, you’re most apt to find the answer to your timing problems. 


Cramer ) pivision - Centerbrook, Connecticut 


PERCENTAGE TIMERS 


Type 610: Adjustable automatic 
timer to control percentage of 
time an electrical circuit is 
closed or open out of a definite 
time cycle. Excellent to control 
operating time of oil burners, 
furnaces, etc. Approved by ULL. 
for industrial control applications. 


INTERVAL TIMERS 


Type 241: Featuring pushbutton 
start, progress and setting point- 
ers, and repeatability within ¥% 
of 1% of full scale. Manually 
set, unit resets automatically at 
end of timed interval, opening 
load circuit. Ranges from 6 sec- 
onds to 24 hours. 


DC MOTORS 


Type 800: For any specified volt- 
age from 3 to 30 volts DC. Geared 
speeds 2 RPD to 900 RPM, out- 
put 30 in. oz. at 1 RPM. Speeds 
960 to 3000 RPM without gear 
train. Current drain as low as 
30 ma. One of many industrial 
and military DC motors. 


RUNNING TIME METERS 
Type 633: Reliable means of 
recording elapsed time to indus- 
trial accuracies. For 115 or 220v, 
60, 50, or 25 cps; also 115v 400 
cps, and specified DC from 6 to 
32v. Ranges 9,999.9 seconds to 
99,999 hours. With or without 
reset, round dials, or hermeti- 
cally sealed. 


CYCLING TIMER 


Type 553: Miniature hermetically 
sealed timer with 1 to 5 load 
switches, actuated by motor 
driven cams. Time ranges from 5 
secs. to 30 hours. Meets relevant 
tests MIL-E-5272B. Weighs 7 oz. 
max. including 60-cycle or 400- 
cycle motor. Accuracy is .5% 
full cycle time. 


TIME DELAY RELAY 


Type 430: ergy omy gs to 
meet relevant tests MIL-E-5272 
and MIL-STD-202. Provides fixed 
time delay from 1 sec. to 30 
min. between closing of control 
circuit and subsequent closing or 
opening of 1 to 5 load circuits. 
Constant speed 25, 50, 60 and 
400 cycle AC or DC motors. 


CYCLE TIMER 


Type 552: Provides highly accu- 
rate switch operations under 
severe military specification con- 
ditions. Compact, iermetically 
sealed unit can be furnished with 
1-7 poles. Time ranges from 10 
secs. to 5 minutes. Repeat accu- 
racy approx. 0.1%. 
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CONTROLS CORPORATION 





LEARN MORE about these and 
other Cramer products. Write 
for free bulletins on the types 
that interest you or catalog 
GB-910, or describe your timing 
problem and let us help you 
solve it. 
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A WIDE CHOICE TO MEET 
YOUR DESIGN IN EVERY LINE OF 


CROUSE-HINDS / 


ELECTRICAL 
EQUIPMENT 


a 
‘ ARK frol ELECTRICAL CONNECTORS 


\ 


fete) |o)t) @ 5 om 


CONDUIT FITTINGS 


MOTOR CONTROL 


EQUIPMENT 


2 re 
- = 2 oF 
‘ oS eae 
wv k 
‘ 
iy 2 he 
ie soit. . iia? sae 
i J 

a hy 

tn 

bcs 

tod ‘ 
le #4 
+ ‘ 


OFFICES: Albony Atlanta Baton Rouge Birmingham Boston Buffalo Charlotte Chicago Cincinnati Cleveland Corpus Christi Dollas Denver Detroit Mouston indianapolis Kansos City 
Los Angeles Milwovkee New Orleans New York Omohe Philadelphic Pittsburgh Portland, Ore, St. louis St. Paul Salt Lake City Son Francisco Seottle Tampa Tulsa Washington 
RESIDENT REPRESENTATIVES: Baltimore, Md., Meriden, Conn., Reading, Pa., Richmond, Va., Springfield, Mass. 
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VULCAN 


TURNS ON . 








THE HEAT 


to meet your electric 
heating needs 


There’s an answer to your electric heating prob- 
lems in Vulcan’s versatile line of heating units, 
components, and equipment. 

A wide range of sizes, types and ratings is avail- 
able to meet a variety of heating needs: cartridge 
heaters for insertion into machine parts, dies, 
platens, molds, presses, etc; tubular heaters for 
clamping to metal surfaces, insertion into ma- 
chined grooves or casting into metal forms and 





machine parts; strip heaters for space or con- 
duction heating; immersion heaters for all kinds of 
liquids. And in addition to components, Vulcan 
offers complete units such as air duct and radiant 
heaters for comfort heating, as well as circulation 
and fuel oil heaters. 

Rely on Vulcan versatility —in product, in 
engineering, and in service — for your complete 
heating needs. Write for catalog. 


VULCAN ELECTRIC COMPANY + DANVERS, MASSACHUSETTS 
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ONLY SQUARE D STARTERS 
WITH ONE-PIECE 
OVERLOAD RELAYS 
GIVE ABSOLUTE PROTECTION! 


e Only Square D makes thermal 


overload relays with 1-piece construc- Heat-respon- 

tion—and only with 1-piece construc- po as 

tion can you know you've installed the provides accu- 

heater correctly. Square D 1-piece posed oe se 

overload relays can be installed only prevents nui- 

one way. They are factory-assembled, 

individually tested and calibrated, 

completely tamper-proof. Repeated i , 

tripping will not affect accuracy. S ~S Ls Heat-producing element 
You pay for overload protection — = i — : redo Sharyn om 

be sure you get it. Insist on Square D 2 Mm) nently joined to solder 


l-piece overload relays for absolute no a become mis- 





Department SA-230 
4041 North Richards Street 
Milwaukee 12, Wisconsin 

Please send me information on Square D 
magnetic starters, along with your simple 
3-minute “jig-saw’’ demonstrator 





COMPANY. 





ADDRESS. 








SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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NEW BLH-BUILT INSTRUMENTATION 
INSURES MORE ACCURATE, VERSATILE 
STRAIN GAGE TRANSDUCER READOUT 








The complete line of mv/v instrumentation designed 
and built entirely by BLH now includes these 

new indicators for use with any strain gage 
transducer system. 


Type 60 Digital Indicator, shown at left above, 

is particularly suited to load, pressure and 
torque systems. It provides system accuracy to 
+0.25%——higher accuracies on special order. 
Designed for panel mounting or bench operation, 
it is available for fast delivery at a very 
reasonable cost. With the addition of this 
instrument, BLH now 
offers you a full 
choice of digital, 
disc or pointer 
indicators for 
industrial and 
laboratory 
applications. 


Type 65 Automatic Calibration Indicator, middle above, 
is among the most accurate of all BLH 


instruments. This portable unit automatically 
reads out in pounds—is used to calibrate a 
variety of load measurement systems and features 
automatic null balance, digital readout, plus 

a built-in check calibrate circuit. Instrument 
accuracy +0.05% of interval is standard. 


. Type 25 Universal Indicator can be used with any 


BLH load, pressure or torque transducer by 
simply setting a gage resistance and mv/v output 
dial on the front of the instrument. Manually 
null balanced—digital indication— 
transistorized, lightweight and portable. 
Instrument accuracy is +0.1% of full scale. 
Durable Formica case. 


Write for data sheets or contact your nearest BLH 
sales engineering representative for information 
and a demonstration. 


BALDWIN « LIMA » HAMILTON 


Electronics & Instrumentation Division 
Waltham 54, Mass. 


SR-4° Strain Gages + Transducers + Temperature Sensors «Systems 
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| DESIGN ABSTRACTS. -continued 


ability down to single device level, 
high inherent resistance to shake, 
rattle and roll. 

“Swiss Cheese Concept of Circuit Packaging,” 
R. G. Bender, Hughes Aircraft Co, Semicon- 
ductor Division, Newport Beach, Cal. Paper 
No. 1.2 published in NEREM Record, Nov 
1960, Institute of Radio Engineers (Boston 
section), Boston, Mass. 


Solar energy 


The economic and_ technological 

feasibility of the home generation of 
electric power by means of the photo- 
voltaic conversion of solar energy is 
examined in the light of extensive 
solar insolation data and advances in 
solar cell technology. 
“Home Generation of Power by Photovoltaic 
Conversion of Solar Energy,” by J. F. Elliott, 
General Electric Co, Syracuse, N.Y. Electrical 
Engineering, Sept ‘60, 33 W 39th St, New 
York 18, N. Y. 


Silicon piezoresistive devices 
The basic properties of semicon- 
ductor piezoresistive materials must be 
“characterized” if they are to be used 
properly in strain gage and transducer 
applications. This paper describes 
some basic properties of various forms 
of silicon piezoresistive materials. Im 
portant techniques associated with the 
usc of these materials as transducer 
elements as well as some problem areas 
are introduced 
“Silicon Piezoresistive Devices,” E. D. Padgett, 
Picatinny Arsenal and W. V. Wright, Electro 
Optical Systems, Inc. Instrument Society of 
America paper Y60-42, 313 Sixth Ave, Pitts- 
burgh 22, Pa. 


Capacitor-paper test methods 


he progress in the development of 
paper capacitors over the past +0 vears 
has been largely due to improvement 
of the materials. Of these materials, 
capacitor paper has progressed at a 
spectacular rate. The original 0.0005 
in. linen paper with about 200 con 
ducting particles per square foot and 
almost unknown chemical and _ for 
mation characteristics can be compared 
to the kraft and modified kraft papers 
of today, in which ‘the same thickness 


continued on page 484 
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)STEMCO THERMOSTATS ~ 


for precise, sensitive temperature contro/ 


1, TYPE S*+ adjustable. Positive acting, single stud or nozzie 
mounting. Operation to 600°F. Rating: 16.6 amps at 115 VAC, 8.3 
amps at 230 VAC. Spade, screw or formed terminals, various 
adjusting stems, etc. Bulletin 1000. 


2, TYPE S*+ non-adjustable. Is similar both electrically and 
mechanically to adjustable Type S. Spade or screw type termi- 
nals. Bulletin 1000. 


3, TYPE SA*t adjustable or non-adjustablie. Snap acting, elec- 
trically independent bimetal. Also single-pole, double-throw. 
Rated at 15 to 25 amps at 115-230 VAC only. Spade or screw ter- 
minals; single stud or nozzle mounting. Bulletin 2000. 


4, TYPE SM+ manual reset. Mechanically and electrically same 
as adjustable and non-adjustable Type SA except for manual 
reset feature. Bulletin 2000. 


5, TYPE A* semi-enclosed. Insulated, electrically independent 
bimetal disc gives fast response and quick, snap action control. 
Operation from -50° to 300°F. Lower or higher on special order. 
Various mountings and terminals. Rating: 4 to 15 amps at 115 
VAC and 28 VAC/DC. Bulletin 3000. 


6, TYPE A hermetically sealed. Electrically identical to semi- 
enclosed Type A. Temperatures from -50° to 300°F. Various en- 
closures and mountings, including brackets, available. For 
appliance, electronic, apparatus applications. Bulletin 3000-1. 


7, TYPE Ht. Positive acting, adjustable, for fry pans, skillets and 
other appliances. Fail-safe, open in low to 500°F in high. Rated 
at 1650 watts at 115 VAC. Bulletin 10,000. 


8, TYPE C+ hermetically sealed or semi-enciosed. Small, posi- 
tive acting. Electrically independent bimetal strip for operation 
from -10° to 300°F. Rated approximately 3 amps, depending on 
application. Various terminals and mountings. Bulletin 5000. 


9, TYPE G*. Aliso available as manual reset. Used on laundry 
dryers, furnaces and other similar applications. Snap acting. 
Rated 7% to 25 amps, 120-240 VAC. UL approved for operation to 
300°F. Bulletin 3500. 


10, POTTED TYPES A* & G*. For refrigeration, air conditioning, 
or applications requiring a sealed thermostat, the Types A and 
G are available with lead wires and epoxy sealed. Type GP is 
shown. Various mounting brackets. Bulletin 3160 for Type A, 
Bulletin 3560 for Type G. 


11, TYPE W *; adjustable or non-adjustable. Snap action bimetal 
strip type for operation to 300°F. Depending on duty, rated: 5 to 
10 amps, 115 VAC. Screw or nozzle mountings; spade or screw 
terminals. Bulletin 4000. 


12, TYPE Ri sealed, adjustable or non-adjustable. Positive act- 
ing for operation to 600°F. Rated at 15 amps at 115 VAC, 4amps at 
230 VAC. Screw terminals. Bulletin 7000. 


13, TYPE Mi semi-enclosed. Electrically independent snap act- 
ing bimetal disc type for appliance and electronic applications 
from -50° to 300°F. Rating: 3 to 10 amps at 115 VAC and 28 VAC/ 
DC. Virtually any type terminal. Bulletin 6000. 


14, TYPE Mt hermetically sealed. Electrically same as semi- 
enclosed Type M. Can be furnished with pin or soider-type ter- 
minals, wire leads and various mounting brackets. For operation 
from -50° to 300°F. Bulletin 6000. 


15, TYPE MX} semi-enclosed. Snap acting to open on tempera- 
ture rise. 2° to 6°F differentials available. Rated at 3 amps to 1 
amp, depending on duty cycle, at 115 VAC and 28 VAC/DC. Vari- 
ous terminals, mountings, brackets, etc. Bulletin 6100. 


16, TYPE MX} hermetically sealed. Snap acting miniature ther- 
mostats in circular enclosures or CR-7 cans. For avionic, aero- 
space, electronic and similar uses. Normal differentials 2° to 
6°F; special order 1° to 4°F differentials available. Ratings same 
as Type MX semi-enclosed. Bulletin 6100. 


lustrations, for general information only, do not necessarily 
show size comparisons. Fully dimensioned and certified prints 
on request. Manufacturer reserves right to alter specifications 
without notice. 


*Refer to Guide 400 EO for UL or CSA approved ratings. 


tThese thermostats covered by patents issued or applied for. 
A-3581A 


STEVENS manufacturing company, inc. 
P. O. Box 1007 « Mansfield, Ohio 


THERMOSTATS 
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ANNON 
1 SERIES 
SOLENOIDS 


THE MOST COMPREHENSIVE LINE OF 
GENERAL PURPOSE SOLENOIDS AVAILABLE 
TO INDUSTRY 

® % INCH TO 2% INCHES IN DIAMETER # STROKES 
FROM .01 TO 1% INCHES # FORCES FROM 5 GRAMS 
TO 70 POUNDS # VOLTAGES OF 12, 24, 36, AND 
115 VDC # 60,000 SOLENOIDS WITHIN THE SERIES 


another industry first... 
anew catalog concept from cannon 


POWER INPUT IN WAFTS 


LOAD DUTY CYCLE % 
STEP 2 
LOAD DUTY CYCLE 
: Coil Rating vs 
STROKE IN INCHES Load Duty Cycle, % MAXIMUM TIME ON IN SECONDS 
STEP 1 STEP 3 TIME CYCLE 
FORCE STROKE Load Duty, % vs On Time—Off Time 
ourves at Rated Loads 


LOAD DUTY CYCLE 


Here is a catalog that helps you with your solenoid problems. # Removes the guesswork 
of selecting the proper solenoid size to meet your specifications—as simple as steps 
1, 2, 3. @ Supplies more technical performance data than 
ever before available to industry—mechanical, electrical, 


and thermal curves. @ Provides for the first time a method 

for selecting the exact voltage, power, motion, mounting, 

termination and plunger—for any size, direct from the 

catalog. For your copy of the S1 Series Solenoid Catalog, PLUG 
e 


write to: 


CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, Calif. 











DESIGN ABSTRACTS continued 


has no more than one conducting 
particle per square foot. Present-day 
papers offer the capacitor designer a 
vastly improved product with tightly 
controlled chemical and __ physical 
characteristics. They have been used 
effectively to reduce size, to increase 


| the maximum unit ratings, to add to 


reliability, and to enhance the elec- 
trical characteristics of dissipation 
factor and insulation resistance. 

“Test Methods and Apparatus for Improving 
Capacitor Paper,” by L. W. Stiles, Crocker, 
Burbank and Co. Ass’n. Fitchburg, Mass, and 
J. D. Stacy, Consulting Engineer. Published in 
insulation, May 1961, p 42. 


+ 


Conversion of nuclear heat 


Thermo-electric materials, used as 
an array of series-connected thermo- 
couples, offer an exciting possibility 


| for conversion of the almost limitless 


heat of nuclear fission into electrical 
energy. Another direct generating sys- 


tem employs the thermionic method. 


“Direct Conversion of Nuclear Heat to Elec- 
tricity,” W. E. Shoupp, Westinghouse Electric 
Corp. Metal Progress, September 1960, Mt. 
Morris, lil. 


Effects of contamination 
on relays 

An investigation answers the three 
questions: What is the most likely 
source of the trouble? Can the source 
of trouble be eliminated or mini- 
mized? Will doing so give the desired 
quality improvement? 


“The Effects of Contamination on Relay Per- 


| formance,” by Paul Mahler, Picatinny Arsenal, 


Dover, New Jersey. Published in the NARM 
Relay Symposium Papers at the 8th Annual 
Relay Symposium at Stillwater, Oklahoma. 


* 


TFE wire-insulations 


Certain applications for insulated 
wire require greater resistance to 
abrasion and cut-through than is 
offered by conductors insulated with 
unmodified fluorocarbon resins. These 
areas, therefore, offer potential markets 
if abrasion and creep resistance can be 
improved. Previous work, with mold- 
ings of granular TFE resins, has shown 
that abrasion resistance and creep, 


continued on page 489 
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1403 Mc CARTER HIGHWAY 
NEWARK 4, N.J., U.S.A. 


CANADA: SPERRY GYROSCOPE OTTAWALTD., 
ZHAMILTONAVE., OTTAWA,CAN.*PA8-4681 


Recycling Cam Timers, | to 
20 load switches, 2/3 sec. to 
72 hours in 600 steps. Details 
in Bulletin #200, 201, 202, & 
203. 


Tandem Recycling Timer, in- 
terchangeable elements, time 
cycles from 1/60 sec. to 3 
hours. Details in Bulletin #500. 


Percentage Timer, dial ad- 
justable for ON-OFF percent- 
age of given time cycle. Details 
in Bulletin +500. 


Explosion Proof Cam Timers, 
1 to 20 load switches, 2/3 sec. 
to 72 hours. Details in Bulletin 
#800. 


a. 


Series SF, 1/10 sec. to 5 
minutes, Auto-Reset, 10 amp. 
contact rating, Back mounted. 
Details in Bulletin #300. 


Series H, 1/10 sec. to 5 min., 
Auto-Reset, 10 amp. -eontact 
raling, flush mounted. Bulletin 
#300. 


Series TD, 1/10 sec. to 5 min., 
Avto-Reset, 10 amp. contact 
rating, mounts through a hole. 
Bulletin #300. 

Series TDAF, 1/60 sec. to 3 
hours, instant reset, 10 amp. 


contact rating, flush mounting. 
Bulletin +300. 


Series TDAB, 1/60 sec. to 3 
hours, instant reset, 10 amp. 
contact rating, bock mounted 
or available in case. Bulletin 
#300. 


ay 


Series R, Hermetically Sealed, 
Ruggedized, time cycles from 1 
sec. to 60 hours, 5 amp. con- 
tact roting. Details in Bulletin 
#600. 


2 


Series TH, Thermal Time Delay 
Switch, 10 amp. contact roting, 
time cycles from 15 sec. to 2 
minutes, snap action § switch. 
Details in Bulletin #301. 
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INTERVAL 


Series PAB, 1/60 sec. to 3 
hours, auto-reset, 15 amp. con- 
tact rating, available in hous- 
ing, or back mount, extremely 
accurate. Bulletin #400. 


Series P, 1/10 sec. to 5 mir.., 
self powered, avto-reset, 10 
amp. contact rating. Bulletin 
#400. 


Series M, 1 minute only, 10 
amp. contact rating, auto-reset. 
Bulletin #400. 


Series RS, 15 minutes to 60 
hours, 20 amp. contact rating, 
manvoal set. Request Bulletin 


#400. 


Series PAF, 1/60 sec. to 3 
hours, instant reset, 15 amp. 
contact rating, panel mounting, 
extremely accurate. Bulletin 
#401. 


r 
' 


Series SAR, Avto-reset Signal- 
ling Timer, time cycles from 15 
min. to 3 hours. Bulletin #402. 


RUNNING TIME 
METERS 


Series C-2, 1/10 sec. count 
to 1 hour count. Bulletin +700. 


Series C-5, Time totolizer, re- 
set to zero type, counts avail- 
able from 1 sec to 1 hour. 
Bulletin #700. 


Series TIXP, Explosion Proof, 
external reset. Bulletin #800. 


Series T3, Hermetically sealed 
and ruggedized, same counts 
as Series C-2. Complete details 
in Bulletin #600. 


Send for our Complete 
Timing Controls Catalog, 
free upon request... . 
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Now! Make any pushbutton station 


you want with new, completely versatile 


Cutler-Hammer oiltight pushbuttons 


Choose from a complete line of operators, 


get greater circuit flexibility than with any other make 


To meet today’s need for a broad range of 
oiltight pushbuttons, Cutler-Hammer gives 
you a new versatile line. 

You can get these rugged proved push- 
buttons in one hole or base mounting, 
six bright colors. More than thirty dif- 
ferent circuit arrangements are available 
plus hundreds of varieties of stations in 
standard arrangements of up to 25 ele- 
ments. And you can get up to 8 circuits 
on one pushbutton. The flexible oil resis- 
tant diaphragm behind the button is de- 
signed to stay soft and pliable permanently. 

With Cutler-Hammer pushbuttons you 
can get more control in less space, too, 


WHAT’S NEW? ASK.. 


CUTLER- -HAMMER 


Cutler-Hammer inc. er waukeer Wi isconsin « Div 


Hammer International, A.+ Associates: Cana dien Cutler-Hamm 


son: Avborne Instrum ay ore 
er, Ltd.; Cutler-Hammer 


because they use 40% less behind the panel 
space than the next smallest unit. 

Get all the facts by sending for the color- 
ful brochure, “MASTER DESIGN” which 
tells you all about the Cutler-Hammer 
line. Ask for Pub. LO-104. 


What's new at Cutler-Hammer? 
You can see the newness in the products 
coming from Cutler-Hammer, like the 
new smaller pushbuttons; in the new manu- 
facturing facilities; in the new engineer- 
ing ideas. All to give you better service 
today and in the future. Contact the 
nearest Cutler-Hammer sales office or 
your Cutler-Hammer distributor. 


| 


* Subsidia 
Mex jcana, S ‘A 








NEW ILLUMINATED PUSHBUTTON. Newest addition to the versatile line. 








YOU CAN GET ALL THESE TYPES OF CONTROL UNITS 


' re (A @ 
\S | | 


LEVER MUSHROOM Me} [es ROTO-PUSH 


RESISTOR LIGHT KEY TRANSFORMER LIGHT GUARDED PRESTEST LIGHT 
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TROMBET TA SOLENOID CORP. 


MILWAUKEE 


329 N. MILWAUKEE ST. U. S. A. 
MASTERS OF SOLENOID DESIGN AND APPLICATION 


WISCONSIN 


MILWAUKEE 2, WISCONSIN 





P-128 SOLENOID 
P-100 PULL TYPE & Q-100 PUSH TYPE PURE 
DIRECT CURRENT SOLENOIDS 
Pull Rating (85% Voltage): 2 to 2000 Ibs 
Stroke: 2” to 9” 
Made for all voltages up to 750 volts 


P-334 SOLENOID 
P-300 PULL TYPE & Q-300 PUSH TYPE SOLENOIDS 
AC Pull Rating (85% Voltage): 0.75 to 150 Ibs. 
DC Pull Rating (85% Voltage): 3 to 600 Ibs. 
Stroke: 98” to 5” 


Made for all frequencies, and for all voltages up to 
750 volts AC and DC 


NA-764 SOLENOID 
NA-700 SHORT STROKE SOLENOIDS (interchange- 
able with National Acme Solenoids) 
Pull Rating (85% Voltage): 1 to 300 Ibs 
Stroke: %” to 1%” 


Made for all frequencies, and for all voltages up to 
50 volts — AC and DC 





AS-426 SOLENOID 


ing at rates as high as 500 operations per minute) 
Pull Rating (85% Voltage): 1.5 to 14 Ibs. AC 
or DC 
Stroke: 14%” to 242” 
Made for all frequencies, and for all voltages up to 
750 volts — AC and DC 


AS-400 HIGH SPEED SOLENOIDS (Capable of operat- 


AL-828 SOLENOID 
AL-800 LONG STRIKE SOLENOIDS 
AC Pull Rating (85% Voltage}: 1.5 to 25 Ibs 
DC Pull Rating (85% Voltage): 6 to 100 Ibs 
Stroke: 242” to 4%”. 


Made for all frequencies, and for all voltages up to 
750 volts — AC and DC. 


FX-300 EXPLOSION PROOF SOLENOIDS 

AC Pull Rating (85% Voltage): 3.5 to 150 Ibs 

DC Pull Rating (85% Voltage): 14 to 600 Ibs 

Stroke: 1%” to 5”. 

Made for all frequencies, and for all voltages up to 
750 voilts-——AC and DC 





R3DX-334 SOLENOID OPERATOR 
R3DX-300 EXPLOSION PROOF SOLENOID 
OPERATORS (Reciprocating Solenoids) 

Pull Rating (85% Voltage): 3 to 150 Ibs. 
Stroke: 1%” to 5” 


Made for all frequencies, and for all voltages up to 
750 volts — AC and DC 


R2D-328 SOLENOID OPERATOR 
R2D-300 OPERATORS (Reciprocating Solenoids) 
AC Pull Rating (85% Voltage): 1 to 150 Ibs 
DC Pull Rating (85% Voltage): 4 to 600 Ibs 
Stroke: 1” to 5”. 


Made for all frequencies, and for all voltages up t 
750 volts—AC and DC. 


AX-426 RECIPROMOTOR 


AX-400 RECIPROMOTORS 

Rectilinear induction motors — for operations re 
quiring reciprocating forces of various magnitudes 
May be furnished for practically any force and 
length of stroke 


Made for all frequencies, and for all voltages up to 
750 volts — AC. 





| 
-_— 


TS-118 BRAKE 
TS-100 SOLENOID BRAKES 
Torque Rating (85% Voltage) 
Wheel Diameters: 24” to 14” 
Made for all frequencies, and for all voltages up to 


750 volts—AC and DC. Also available for air operation, 
and hydraulic operation for any pressure to 2400 p.s.i 


3 to 2100 ft. Ibs 





TSX-528 BRAKE 
TSX-500 EXPLOSION PROOF AC & DC BRAKES 
Torque Rating (85% Voltage): 10 to 2100 ft. Ibs. 
Wheel Diameters: 3%” to 14”. 


Made for all frequencies, and for all voltages up to 
750 volts — AC and DC. 





T2S-150 BRAKE 


T2S-100 DOUBLE ACTION SOLENOID BRAKES 
Torque Rating (85% Voltage): 1,400 to 75,000 
ft. Ibs. — Wheel Diameters: 18” to 72”. 
Made for all frequencies, and for all voltages up to 
750 volts—AC and DC. Also available for air operation, 
and hydraulic operation for any pressure to 2400 p.s.i. 





WRITE FOR FREE CATALOGS 
IN 1924 MR. TROMBETTA GAVE THE WORLD THE COMMERCIAL SOLENOID 
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DESIGN ABSTRACTS continued 


which is related to cut-through resist- 
ance, can be improved by blending the 
resin with fillers. 

The purpose of the work reported 
in this article was twofold. The first 
objective was to determine the pro- 
cessability of “Teflon” 6 resin blended 
with various fillers and paste extruded 
as wire insulation. The second objec- 
tive was to measure the effect of the 
fillers on abrasion resistance, cut- 
through resistance and electrical prop- 
erties of the insulations of filled 
tetrafluoroethylene resin. 


DIGITAL 
READ-OUT 
COUNTERS 


PRECISION 
CONTROLS 


“Paste Extrusion of Filled TFE-Fluorocarbon 
Resin for Wire Insulations,” by R. W. John- 
son, E. |. du Pont de Nemours & Co, Inc, SPE 
Journal, 65 Prospect St, Stamford, Conn, 


February 1961. 
Model “‘D’’ SERIES Model “‘Y" SERIES 
Wheel diameter: 1” Wheel diameter: 34” 

Figures: V4” high Figures: 3/16” high 


Electrical contacts Many stock variations, easily adapted for MISSILE TRACKING, RADAR 
Tables and charts give the most CONTROLS, COMPUTERS, NAVIGATION INSTRUMENTS, GAUGING INSTRU- 
suitable materials for contact points MENTS, and ANY other indicator applications. 
together with contact diameters. @ Standardized in two basic families to cut 
Manufacturers’ code numbers for al! costs, save time, and simplify installation. 
alloys are also given in a cross-reference @ Meet rigid military specifications. 
table. @ Component parts may be purchased sepa- 
rately to meet design requirements. 


@ High speeds, lower torque, and lower mo- 
ment of inertia for long operating life. 


@ Non-corrosive, one piece precision molded MODEL “Y"’ 9425 


SAREE Caley Gempeden Cup of te Oh pinions and wheels, large legible figures. DUAL BANK SERIES 
Annual Relay Symposium at Stillwater, Okla- @ One piece aluminum die cast frame. 


howe. @ Single, 114 or double width wheels; right or 
left hand drive; clockwise or anti-clockwise 
rotation. 


@ Base mounting. Threaded mounting 
holes may be in frame top or ends. 


Engineering in @ ‘Y”’ Series, single or double bank types. ; MODEL “Y" 6831 


. @ In addition, Durant can develop designs DUAL BANK SERI 
magnetohydrodynamics for any special counter requirements. aa 


Magnetohydrodynamics offers the Send for Catalog Number 400 


engineer innumerable challenges to sth Siesta Gide Oe. 
design many new devices. Some of DURANT MANUFACTURING CO. Milwaukee 1, Wisconsin 
the more important applications are: dependable since 1879 dha neg yh 

1. Materials science. In the past, it — 

was difficult to find high temperature 
sources, but now plasma dynamics has 
opened new vistas because ionized 
gases occur at high temperatures and 
thus may be used to great advantage 
by the metallurgist. 2. Flow control. 
The flow of liquid metals such as 
molten sodium used in reactors neces- 
sitates unusual pumping, controlling 
and measurement techniques. Because 
a molten metal is electrically conduct- 
ing, magnetohydrodynamics _ offers 





“Let's Take Some of the Mystery Elements 
Out of Electrical Contacts,” by Childress B. 
Gwyn, Jr, special projects engineer, Gibson 
Electric Co, Delmont, Pa. Published in the 





o> 


Se ae , MODEL “YE” COUNTER INSTRUMENT | HIGH SPEED | DEGREES AND | INSTRUMENT 
any actice < 

many practical solutions and some of ELECTRIC FOR TRUE | COUNTER WITH | COUNTER FOR MINUTES COUNTER FOR 

these are being used wisely. 3. Aero- HIGH SPEED AIRSPEED LUMINESCENT | NAVIGATING | INSTRUMENT | INCREMENTAL 

dynamics. Because the velocity and QUICK RESET | INDICATOR FIGURES INSTRUMENT COUNTER OSCILLATOR 


the temperature gradients in a con- 


continued on page 490 REPRESENTATIVES IN ALL PRINCIPAL CITIES 

















PRODUCT ENGINEERING + SEPTEMBER 4, 1961 CIRCLE 489 ON READER SERVICE CARD 489 





ee ELECTRICAL AND ELECTRONIC COMPONENTS 


DESIGN ABSTRACTS continued 


ducting gas near a wall can be modified 
by the application of magnetic fields, 
magnetohydrodynamics is being 
9 studied widely by aerodynamists. +. 
BASE LAMP Containment. Magnetohydrodynamics 
may be applied to advantage in fusion 

| devices by pinching the extremely hot 

SAVES S PACE SAVES M 0 N FY gases. 5. Propulsion and power gencr- 
) ’ ation. New types of propulsive devices 


are being studied with intense con- 


AVES TI M V centration and in the offing are engines 
’ POWER which derive their propulsive power 
by accelerating plasma streams. Also 
under consideration are magnetohydro- 
dynamic power generators which may 
soon supply homes and factories with 
electricity. 





“Foundations of Engineering Magnetohydro- 
dynamics,” Ali Bulent Cambel, Gas Dynamics 
laboratory, Northwestern University, Evanston, 


Illinois, Paper No. 312A. SAE, 485 Lexington 
f NEW WEDGE BASE | Ave, New York 17, N.Y. 


f in socket 


rr 


“18 


* 


este * 


Relay stability 
The stability of any device is its 
ability to maintain certain prescribed 
operations with a change in the input, 
internal, or output conditions. Sta- 
bility is a quality that is designed into 
the device. How well the device 
satishes the design values depends 
WE | upon how close the adjustments or 
tolerances can be maintained. 
The new “Wedge Base’’, all-glass, incandescent indicator lamp is an | ‘Rater Sabin the ©. % Gemmen geatene 
exclusive G-E development designed to replace the old #57 and other of electrical engineering; D. D. Lingelbach, 
similar bayonet-based lamps. It’s available in 6.3 and 12 volts. See below. assistant professor of electrical engineering; 
The Wedge Base saves space because, with its holder, it is considerably prodonting ao ag =e ¢ a 
gineering, ahoma State University, Still- 
smaller than the old #57. It saves money because the holder and total in- water, Oklahoma. Published in the NARM 
stallation costs are less. It saves time because the holder is easier to install Relay Symposium Popers at the 8th Annual 
and the lamp can be seated with just a push. And it saves manpower because ay Ee ee, See 
installation can be automated and holders can be molded into plastic circuits. 
The G-E Wedge Base lamp can withstand ambient temperatures up to 600°F 
because it has no basing cement. 
A major automobile Temperature controllers 


manufacturer is alread This article identifies the operating 
y | gs 


using G-E Wedge Base peat al : cm | principles of the various types of con- 
lamps; they're available Declan Voit ye trollers used in heated equipment. 
in Mass quantities. For ye ; I Each tvpe has advantages and limita- 
more information write: Filament C2v. C. 2R tions that influence their performance 
General Electric Co., ‘ul -. Tr. 4 | in specific applications, and a famili- 
Miniature Lamp Depart- el ° Wedge : weap | arity with these principles will a 

the designer in making a sound selcc- 


ment M-12, Nela Park, *in excess of 5000 hrs. ot 6.6 volts , Three 
Cleveland 12, Ohi tion for his particular problem. Threc 
vel: ; 
— . ” types of controllers are expanding 
metal, expanding fluid (liquid, gas or 
vapor), clectronic. 


Progress /s Our Most Important Prodvet “How to Select the Right Temperature Con- 


troller,” by Robert G. House, Fenwal Inc. 


G § N 7 p A L E L E CT Be | Design Engineering, October 1960, 481 Uni- 
versity Ave, Toronto 2, Canada. 


continued on page 492 
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The Wedge Base is — in two a he 
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GRIP LIKE A VISE 


Never before has a glass been developed that is so 


now compatible for use with 52% nickel alloy leads. 


a The result is a compression between the glass and pins 
available so tight that twisting and bending of the pins to the 
breaking point will not cause rupture or leakage. (De- 
on many termined by Veeco Leak Detector with sensitivity at 


10-*° std. cc /sec.) Thermal shock is excellent with this 


FUSITE new TR-Glass. Salt spray resistance exceeds 100 hours. 
Every performance feature is well in excess of Mil 
TERMINALS : 


Specs. The use of TR-Glass may be considered for all 
types of Fusite solid glass headers as well as many 


other style terminals. 


Samples on request. Write Fusite, Department P-1 


Fusite Corporation, Cincinnati, O. 

Woodford Mfg. Co., Versailles, Ky. 

Fusite N. V., Konigweg 16, Almelo, Holland 

Fusite GmbH, Dieselstrasse 5 Karlsruhe, W. Germany 


Sora THE FUSITE corporation 


6000 FERNVIEW AVENUE, 
CINCINNATI 12, OHIO 
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COMPLETE 
SLIP RING 


ASSEMBLIES 
~ 


Standard and 
Custom -Bullt 


Ts 
NO. SK-1334 STANDARDIZ 


CYLINDRICAL ASSEMBLY 
15 TO 30 CIRCUITS 
Diameter overall............... 
Height overall 
Capacity 2 amps, 250 v, 60 cy 
R. P. M.....up to 1200 


Stock delivery. 


All phases of design and manufacture 
of slip ring assemblies are handled by 
the Superior staffs. All contact grades, 
plastic formulae, metallurgy, machin- 
ing and assembly, pilot runs, and other 
steps are under the close scrutiny of 
highly trained personnel. Superior was 
the first to deliver the “complete pack- 
age": engineering, contact and holder 
assembly, ring and complete final test 
of entire units. From Superior Carbon 
Products, you buy an unparalleled 
background in the field of slip ring 
assembly design and manufacture. 


The second basic type, a pancake ring 
assembly, with segmented rings of vary- 
ing diameters. 











DESIGN ABSTRACTS continued 


Electrical system transients 


With the advent of solid-state de- 

vices and their susceptibility to 
destruction from transient impulses, 
there has been renewed interest in the 
subject of interference voltages. In 
this article, methods of controlling the 
coupling of transients into sensitive 
circuits are described. 
“Electrical System Transients and Sensitive Cir- 
cuit Control,” T. B. Owen, Douglas Aircraft 
Co, AIEE Paper 60-1029. AIEE, 33 W. 39th 
St., New York 18. 


Molded-in hinge 

This paper is intended to impart 
an understanding of the principles, 
properties, basic design, and molding 
of polypropylene hinges. Several case 
histories are included to assist design 
engineers in their technical considera- 
tions of new products and plastics en- 
gineers in their application of this 
principle to new and profitable mar- 
kets. 
“The Molded-in Hinge in Polypropylene Com- 
ponents,” by Russell D. Hanna, Plastics Tech- 
nical Service Lab, Hercules Powder Company. 


Presented at 17th Annual Technical Conference, 
SPE, 65 Prospect St, Stamford, Conn. 


rs 


Magnetic Forming 


When conductive metal parts are 
introduced in a coil in such a way that 
thev are flux-linked with the coil, the 
parts can be considered as short-cir- 
cuited secondary single-turn coils. This 
means that the primary coil current 
will be a maximum because of the 
short-circuited secondarv. 

Consequently, when 
energy is applied to the coil, a net 
resultant magnetizing force is applied 
to the workpiece. When this energy 
exceeds the elastic limit of the work- 
piece, permanent deformation takes 


clectrical 


place. 


Dielectric circuits 

A dielectric circuit is ideally suited 
for metalforming applications; it sup- 
plies the storage capacity for electrical 
energy, and the transient discharge of 
this energy supplies the magnetizing 
field in and around the work coil. 

Components of the circuit and 
their functions are straightforward. 


continued on page 494 
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CONTACTS 
= 


Brush Holders 
ail 
Standard and Special 
for all makes of 
slip ring assemblies 


Contact grades offered by Superior are 
most varied and fulfill many combi- 
nations of requirements. Superior pio- 
neered in the research, development, 
and manufacture of silver contact 
grades, setting standards now univer- 
sally recognized by industry. 


Contacts are ready for attachment to 
arms or springs. We offer full facilities 
for attaching contacts to arms or 
springs and can frequently effect worth- 
while savings. 


Important to contact and slip ring oper- 
ation is the brush holder assembly. To- 
gether with the selection of proper ma- 
terials, Superior-assembled contacts 
and holders provide the vital link in the 
efficient operation and long life of slip 
ring assemblies. Superior is thoroughly 
versed in the requirements of high alti- 
tude, noise level, and similar conditions. 


Call upon Superior Carbon for assist- 
ance with contact problems. You benefit 
from long experience in this area. 


SUPERIOR 


or Li i-le), Bid iele) tiene wal, [o- 


9115 George Avenve + Cleveland 5, Ohio 
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CHROMALOX Flange-Type ELECTRIC IMMERSION HEATERS 


Fast, Uniform, Leak-Proof Heating 
for water, hard-to-contain liquids and gases 


Chr 


are 
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tc 
and Incoloy sheaths 


ear Lich @mil-1e) 4-8 os 
rade in sizes from 3 KW to 


14 











Chromalox immersion heaters vaporize 
trichiorethylene in side tank vapors cir 
culate into main tank where they efficiently 
degrease metal soils 


immersion heaters 
125 KW 
steel or stainiess flanges, Steel 


Chromalox Flange-Type Electric Immersion Heaters are quick, easy 
and economical solutions to heating compressed air and other gases, 
for super-heating steam and for heating liquids of all types, including 
Dowtherm, Arclor,Prestone and similar heat transfer mediums. They 
are particularly well adapted to special high-temperature/high-pressure 
applications and for use in corrosive solutions. The relatively small 
displacement of the heaters and their high outputs, make them ideal for 
large volume heating with minimum work-area interference with the 
tank and minimum impedance to the flow of fluids. Standard heaters 
furnished with 150 psi flanges, special flanges withstand up to 4500 psi. 


CHROMALOX 
ELECTRIC HEAT 


AXIS COMFORT 


Water automatically heated to 
Chromalox heaters eliminates oil storage 
tanks 
hot water for washroom 
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SoA 


maintenance; assures 


burners and 
s and other needs 





Ol alacleat- lie) 3 immersion heaters operated on 
off peak rate 


““freeze-proof"’ water supply 
1 plant's boilers on cold winter nights and 


weekend shutdowns 


GET THE FACTS 

See for yourself how 
Chromalox Immersion Heat- 
ers can help improve effici- 
ency and/or decrease costs. 
Write for Catalog 60 and 
Industrial Process Bulletins. 


EDWIN L. WIEGAND COMPANY 
7535 THOMAS BLVD., PITTSBURGH 8, PA. 


wi-2' 
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DEPENDABLE 


Watliow FIREROD® 
CARTRIDGE HEATERS 


New high in heat concentration . . . longer life 
. .. new design flexibility. Provides same ob as 
standard heating unit in 1/5 the size! Standard 
cartridge heaters also available. 


ae Watlow STRIP HEATERS 


Straight or curved design. Widths %” 
and over, lengths to 72”. Post, button 
and bracket type terminals and flexible 


f> leads. 


Watiow IMMERSION HEATERS | # 


Straight or curved. Diameter %” to 2”, F 
any length, with capacities to 10,000 watts. 


TRE eS ee ee 


Wes 
Watlow TUBULAR HEATERS 


Available in sheath materials for all purposes . . . 
various terminals to meet special needs . . . in 
most voltages . . . in standard as well as odd 
lengths, diameters and wattages. 


Watlow FLEXIBLE Watlow 
SILICONE RUBBER HEATERS NARROW- 
For temperatures up to BANDED 
450°F . HEATERS 


watts densities 

to 35 watts/sq. in. Any 
size, ~ | shape, easily wyidths 1” to 2” Diam- 
mounted. eters 1%” and up. Watts 
Densities up to 45 
Watt/sq. in. Patented 
Clamping Band gives 
excellent heat transfer. 


Delivery—Twe Weeks or Less 


8 Write for FREE CATALOG and /et us help 
so/ve your electric heating problems. 


WATLOW 


ELECTRIC MANUFACTURING CO. 
Route 2, Box 888 
St. Louis 41, Mo. 
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DESIGN ABSTRACTS continued 


A power supply is connected through 
a switch to a capacitor bank consisting 
of several individual capacitors con- 
nected in parallel to the output. A 
high-voltage switching circuit is used 
to discharge the stored energy. Igni- 
tron tubes in series with each capaci- 
tor switch the charge into the work 
coil. 

Energy stored in the capacitor bank 

varies directly with the value of the 
capacitance in farads and as the square 
of the applied voltage. 
“What Magnetic Forming can Do,” by A. P. 
Langlois, Supervisor, General Dynamics Corp, 
San Diego. Published in American Machinist- 
Metalworking Manufacturing, April 3, 1961, 
p 99. 


Electrical discharge machining 

Electrical Discharge Machining 
electrode-material is fully as impor- 
tant as selection of the right cutting 
tool for more conventional machin- 
ing. 

lhe best electrode for a given job 
can, for example, reduce the cost of 
making electrodes, cut down on the 
number of electrodes required, and 
even speed up the operation itself. 

\ poor choice, on the other hand, 
can prevent the process from working 
at all. Selection of an EDM Elec- 
trode must take into account five fac- 
tors: Volume-wear ratio, cutting rate, 
shape versatilitv, edge-wear ratio, cost. 

Che first three of these factors can 
only be evaluated if a specific elec- 
trode and specific work material are 
tested under controlled conditions on 
1 specific tvpe of machine. 

It is possible, however, to make a 
general evaluation of electrodes as 
thev operate on various work materials 
it a specific machine. This will give 

fairly good indication of how an 
lectrode will perform in a new ap- 
plication. 


Criteria defined 


Volume-wear ratio is the amount 
of work material removed, divided by 
the amount of electrode consumed— 
figured by volume. A ratio of 8.0 
means that 8 cubic inches of work 
material were removed while 1 cubic 
inch of electrode was consumed. 

Obviously, the EDM _ process is 
attractive if the volume-wear ratio is 
8 or 10, or 20; but it is less attractive 


continued on page 496 
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REASONS FOR 
SPECIFYING 


U.E. 
INDICATING 
TEMPERATURE 
CONTROLS 


HIGH SENSITIVITY...on-off differ- 
entials from + .5° F with excellent 
repeatability 


* Low COST .. . list prices from 
$35.00 with generous quantity 
discounts 


9K EASY MAINTENANCE . . . thermal 
assemblies quickly replaced in the 
field with no loss of calibration 
accuracy 


9K PROVEN DEPENDABILITY... reli- 
able liquid-filled measuring systems 
combined with simple service-proven 
components for accurate perform- 
ance and long life 


GREATER VERSATILITY... many 
styles, ranges, sensing elements 
and switch characteristics permit 
hundreds of “custom-built” combi- 
nations 























85 School Street 
_ Watertown 72; Massachusctts 


sical contels aneen a ‘United Sensor & Control Corp. 


Avenue Dorval, Quebec Box 149 Glastonbury, Conn. | 
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ALL PURPOSE 
-150° to +650° F 


A sensitive wide range unit 
with control point accuracy 
equivalent to individually 
calibrated instruments. 10° 
rotating scale permits un- 
usual readability and close 
settings. Available with dual 
switches for controlling two 
independent circuits. 





LOW COST... (800 Series) -150° to +650° F 
Short dial spans of 50 to 200° F permit com- 
pact design only slightly higher in price than 
non-indicating controls. Available with dual 
switches. 


HIGH TEMPERATURE . . . (900 Series) 

0° to +1000°F 

A NEW high temperature series with rugged 

E36N stainless steel mercury filled thermal systems. 


For the USUAL or UNUSUAL application, United Electric 
offers quality controls at economical prices. 


{ _ SPACE SAVING... -150° to +650°F 
’ Skeleton design permits direct incorporation 
into equipment —saving cost of enclosure. 


Many models with dial spans of 50 to 200°F. 
Available with face plate for panel mounting. 











SPECIAL PURPOSE .. . -150° to +1000°F 
Shown here is a typical Special Purpose 
control used on medical equipment, such 
as baby incubators, etc. WHAT IS YOUR 
REQUIREMENT? Chances are one of our 
standard controls will satisfy your needs. 
If not, we'll put our 30 years’ experience to 
work for you on special designs. 


Write TODAY for complete specifications and price information on 
U. E. Indicating Temperature Controls, Attention Dept. W. 


NAME. TITLE, 





COMPANY 





ADDRESS 
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READALL READOUT NEWS from Union Switch & Signal 


SOURCE OF BINARY 
CODE DATA = FRANSISTORS, RELAYS, 


MAGNETIC CORES 


INDIRECT 
METHOD 


SOURCE OF BINARY 
CODE DATA 


READALLS’ reduce equipment requirements... 
simplify circuitry in industrial control systems 


4 comparison of the two methods of dis- 
playing information reveals the advan- 
tages of READALL Readout Instruments. 
Method A shows a system which requires 
the use of complicated conversion equip- 
ment to bring about a visual display of 
desired data. Method B eliminates the 
need for associated conversion units. The 
additional equipment required in Method 
A increases initial equipment costs as 
well as installation and maintenance costs. 


Use of READALL Readout Instruments 


» 


TRANSISTORS 


CEA, CEES LAMPS, EDGE LIGHTED PLATES, 


PROJECTED IMAGE 





makes it possible to eliminate the “black 
boxes” ordinarily required for use with 
more indirect readout methods. 

Outstanding features in one small pack- 
age: Readability of display. Binary de- 
coding. Data storage. Electrical readout. 

UNION READALL Readout Instruments 
are available in 10, 12, and 64-character 
units. Special militarized 12 and 64-char- 
acter units have been designed specifically 
for Mit-E-5422D. 

Write for Bulletin 1057. 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY — 
PITTSBURGH 18, PENNSYLVANIA 
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now... 

the perfect 
combination for 

Low Cost 
Pre-Insulated Splicing 
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BUCHANAN ELECTRICAL 
PRODUCTS CORPORATION 
HILLSIDE, NEW JERSEY 


Buchanan “WIDE-RANGE” 
Pre-Insulated Splice Caps 
Just 1 size for 2 #18, 2 or 3 
#16, 2 #14, 1 #12 with 1 
#14—or equivalent 
combinations. 


Tough see-thru Nylon. High | 
insulating value. Easy 


inspection. 

Buchanan 

Ratchet-Controlled 

tri-SURE-tools 

Just 1 size— Hand or Pneu- 

matic. Fast acting — no adjust- 

ments — no wire twisting — 

load either side — splice caps 

self-positioning. 

Exclusive three-indent rolling 

action crimp provides peak per- 

formance — no puncturing of 

insulation. 

in electric signs. G 
Write for 


descriptive bulletin PE-8 


UL & CSA Listed — 600 V. 
max. bldg. wire; 1000 V. max. 
in fixtures — to 105°C. Also 
UL Listed for 1000 V. max. 
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continued 


if the ratio is onlv 4 or 2 or 0.25. 
Wear ratios over a range from 29 
down to 0.25 have actually been re- 
corded. 

Cutting rate is the amount of work 
material removed per minute—meas- 
ured either by weight or volume. This 
figure can vary and only has real mean- 
ing if it is known what work material, 
what clectrode, what machine, and 
what operating conditions are in- 
volved. 

“Pick the Right EDM Electrodes,” by A. R. Gaus, 
Stoff engineer, Mallory Metallurgical Co, Div 
of P. R. Mallory & Co, Indianapolis. Published 


in American Machinist/Metalworking Manufac- 
turing, April 3, 1961, p 90. 


+. 


Relay contact failures 


The most prevalent factors which 
cause contact failure are: 

\. Contact contamination, 
results in: 

1. Excess contact resistance. 
Electrical contact wear. 
Mechanical contact wear. 
+. Vaporization of contacts, which 


which 


5 
. 


in turn results in loss or transfer of 
contact material. 

B. Contact welding, which is often 
caused bv: 

1. Insufficient gap, 
sive contact pressure, and overtravel 

2. Contact overload. 

C. Relaxation of contact arms due 
to mechanical fatigue or loss of ten- 
sion due to internal temperature re- 
sulting from coil operation and con- 
tact loading. 


contact exces- 


“Relay Contact Failures,’ Leon D. Carr, Sperry 
Gyroscope Co, Great Neck, N.Y. Published in 
the NARM Relay Symposium Papers at the 8th 
Annual Relay Symposium at Stillwater, Okla- 
homa. 


Double electrical insulation 
The rapidly widening practice of 
providing two insulation barriers in 
such products as portable appliances 
is discussed. These types of insulation 
are identified as: (1) Primarv or 
“functional”  insulations, between 
motor windings and field and armature 
cores or betaveen current-carrying parts 
and adjacent metal parts; (2) second- 
ary or “protecting” insulation, be- 
tween armature and field cores or 
metal parts adjacent to current-carry- 


continued on page 498 
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knife attachment 


eoUa malic: 





Pill 


extruder 





SORTING 


trap door 


Cn 
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Compact Solutions 
with Ledex 
Rotary Solenoids 


knife 


LEDEX 
Rotary 
Solenoid 


Ege, 

















LJ} | 





solenoids 


The examples shown above have one 
thing in common. They fit into com- 
pact space. Design engineers, for ex- 
ample, often find that a Ledex Rotary 
Solenoid will fit into one-quarter to 
one-half the space of a straight pull 
solenoid. 

This compactness results from the 
unique Ledex design which converts 
an efficient short axial stroke into a 
high torque to size rotary motion. A 
more uniform force is produced 
throughout the stroke, making use of 
otherwise wasted energy at the end 
of the stroke. This rotary motion can 
be used directly as in the cutting and 
sorting examples above, or can be 
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High-terque-to-size retary motion 
High-thrust-te-size piston motion 


[} 
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converted into linear motion, as in 
the punching example. 

Ledex Rotary Solenoids come in 8 
compact sizes, with operating volt- 
ages from 3 to 350 VDC. Choice of 
over 250 stock models ready for im- 
mediate shipment. 

Other Ledex products are ready to 
go to work as compact solutions to 
your actuating, stepping or circuit 
switching applications. Write for lit- 
erature mentioning application to 
Ledex Inc., Dayton 2, Ohio; Mars- 
land Engineering, Ltd., Kitchener, 
Ont.; NSF Ltd., 31 Alfred Place, 
London, Eng.; AEMGP, 115 Ave. 
Clement, Boulogne, France. 
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HEYCO 


STRAIN 
RELIEF 


BUSHINGS 





For standard 
ond special 
wires and 
cables 


Approved 
Standard 
for Insulating 
and Anchoring 


ELECTRICAL 


ABSORBS PUSH | CoRDS & CABLES 


& TWIST 














Approved 
HEYCO 


fT) | i a 
nap Bushings 
Insulation and mechanical pro- 
tection for electrical wire &cable, 


hose, tubing & rope—a bearing 
for moving parts. 


sone 


HEYCO JUNCTION-TERMINAL 


: BUSHINGS 


Miniature Insulated Receptacle 
Eliminate “Pig-Tail* 
Wire Leads 
Mate with 3/16 or 1/4” 
female terminals 

COLOR 
CODED 
® 








HEYMAN 
MANUFACTURING CO. 


KENILWORTH 3, NEW JERSEY 


BOOK REVIEWS continued 


ing parts and external metal parts. 
This secondary barrier is designed to 
|provide protection in event of failure 
of primary insulation. 

| Schematic diagrams of insulation 
isystems are included as well as the 


text of regulations proposed by the | 


|Electric Appliance Industry Com- 
mittee. A number of bibliographical 
i references are also given. 

“Double tnsulation in Portable Appliances,” 
D. C. Krammes, The Hoover Co. 
Institute of Electrical Engineers, 20 W 39th St, 
NY 36. 


Techniques of dynamic display 

The article describes a wide varicty 
\of special techniques. Although these 
‘cannot be classified either as pure 
icathode ray tube techniques or optical 
techniques they are just as important. 
Some of the most promising develop- 
ments in the display field are discussed 
here. They include: TV_ pickups, 
character displays, drum storage svs- 
tems, and matrix cells. 





|\“Techniques of Dynamic Display,” by Richard 
|A. Barker, Lockheed Electronics Co. Published 
in Control Engineering, June 1960, p 97. 





- 


15-kw fuel-cell 

This latest cell combination operates 
on a mercury amalgam of sodium, 
oxygen and water. It develops twice 


the voltage of hydrogen cells. In con- | 


trast to the hvdrogen-oxygen cell, this 


mercury-amalgam device promises a | 


sharp cut in overall plant size. 


“75-kw Fuel-Cell Package Uses Sodium Amal- 


gam,” Power, February 1961, 330 W 42nd 


| St, New York 36 


‘Dynamic display 


The final article in this series de- | 


‘scribes a wide variety of special tech- 


| niques. Although these cannot be | 


classified either as pure cathode ray 
tube techniques (Part I) or optical 
itechniques (Part II) they are just as 
important. 


\“Techniques of Dynamic Display,” by Richard 
|A. Borker, Lockheed Electronics Company. Con- 


|trol Engineering, McGraw-Hill Publishing Co, | 


Inc, 330 West 42nd Street, New York 36, NY, 
June 1960. 
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Automation 
Components 


MINIATURE 
PHOTOELECTRIC SCANNER 


Proximity sensor Type 
SA-1R contains light- 
source, photocell, and 
an infrared filter, all 
in a small anodized- 
aluminum housing 
with standard four- 
prong connector. The 
solid-state photocell 
is sensitive, sturdy, and sealed for protection 
against moisture, dust, or corrosive atmos- 
pheres. This scanner operates on reflected 
light, is responsive to metallic and non-metallic 
| objects. Two models available. Write for 
| Bulletin 260-A. 


Max. Sensing ___Lamp rating 


_SAIR __ up toZinches 5 v. a-c 60,000 hrs. 
__SA-1R ___up to 6 inches 








2 v. a-c 5,000 hrs. 


Short-range scanner SA-1 and medium-range 
scanner SA-1M consist of two units, the light 
source and the photocell unit. These small-size 
scanners have adjustable focus of light-beam 
for high-precision scanning of rapidly moving 
parts, with beam-interruption by '/;2” objects. 
Eyeshade and infrared filter available to in- 
crease range and effectiveness. Write for 
Bulletin 659. 


Type Max. Sensing Lamp rating 


~ SA-l upto 4feet*) 6 v.a-c5,000hrs. 
ay SA-1IM _ - 


up tol2feet*) 5Sv.a-c5,000hrs. _ 
*) can be increased 50% by using eyeshade and 
infrared filter. 


PHOTOELECTRIC RELAYS 


Type PE3 — General- For use with photoelec- 
purpose relay tric scanners; provide 
Type PE4 — High-speed- suitable light-source 
impulse relay voltages; DPDT load 
Type PES — Time-delay contacts handie 8 am- 
relay peres (non-inductive) at 
Type PE7 — Photo- 


115 volts a-c. 
electric timer 


CK ELECTRONIC TIMERS 


Model 120 General- 
Purpose timer features 
cold-cathode tube and 
identical plastic- 
enclosed plug-in relays, 
has seven basic modes 
of operation, including 
repeat-cycle timing. 
(Size 4%” x 3%” Xx 
3%”.) For information 
on timers write for 
Bulletin 120. 


SYNCHRONOUS CONTACTORS 


Rotating camshaft actuates distributor-type 
switches. Single and double-circuit models 
available. Write for Bulletin “Rototimer”. 


Whatever your problem in Automation Com- 
| ponents, FARMER can help you. 


FARMER ELECTRIC 


WASHINGTON ST NEWTON WER FA MA 
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It’s so precise and yet so easily adaptable to an almost 
endless variety of temperature control applications, you 
become all but convinced that the transistorized Model 
536 was engineered with only your needs in mind! 

From its multi-option printed circuit board to its 
numerous interchangeable components, the Model 536 
Temperature Controller spells versatility. ON/OFF or 
proportioning control . . . dial for set point adjustment 

* mounted externally or internally .. . expanded scales for 
Here ~ precise temperature adjustment — the 536 offers all 
these advantages! Five standard temperature ranges 

from —50 to +600°F . . . separate potentiometer with 


S graduated dial and knob for remote temperature adjust- 
a e- Our- Oo1Ce ment... capacity of 10 amp/110 VAC and 5 amp/230 
VAC ... these choices are also available to you. And 

you pay only for the options you need! 


* . 
V ersatilit The 536 is sensitive to within 0.1F°. And if you wish 
to build a multi-point control and indication system — 


either gradually or all at one given time — you simply 
combine the Fenwal Model 580 Temperature Indicator 


with the Multi-option Fenwal with as many 536 Controllers as you require. Thermis- 


tor sensors enable fast response and ordinary copper 
536 Temperature Controller lead wire may be used for connections. Removable in- 
terior of the Model 536 allows easy, safe installation and 
the instruments are smartly styled to perfectly comple- 
ment modern industrial machines and interiors. 
Find out more about how the precise Model 536 
Temperature Controller can be adapted to your exact 
needs by writing to FENWAL INCORPORATED, 29 
Pleasant St., Ashland, Mass. Request Bulletin MC-195. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 


PRODUCT ENGINEERING + SEPTEMBER 4, 1961 CIRCLE 499 ON READER SERVICE CARD 





i a ELECTRICAL AND ELECTRONIC COMPONENTS 


ELECTRICAL & ELECTRONIC 


OO) NE NOa i aa 


AND ASSEMBLIES 


Your contact designs 
will receive 
our prompt 


evaluation and quotation, 


AND 


CONTACT 
MATERIALS 


8 OUR AFFILIATE 


Leach & Garner Co. 


Many design and development engi- 
neers find the answers to their difficult 
contact designs at General Findings, 
Inc. Our experienced engineering staff 
and highly skilled, well equipped tool- 
making personnel have solved many 
unique contact requirements. We offer 
precision fabrication and assembly of 
precious metals into contacts including 
the following types: heavy bar, blade, 
spring, slip rings, rivet, button and 
micro-brush. 











All standard and special alloys of Gold, 
Silver, Platinum and Palladium clad forms 
Toplay, Overlay, Inlay, Edgelay and Thrulay 
Also Silver Solders * Waveguide Tubing 
Rolled Formed Shapes 

INDUSTRIAL OIVISION 


LEACH & GARNER CO. 


65 PEARL ST., ATTLEBORO, MASS. 


Among our many specialties is the custom manufacture of 
intricate and precise miniature contacts and assemblies. 


INDUSTRIAL DIVISION 


GENERAL FINDINGS INC. 


Leach & Garner Bldg., Attleboro, Mass 
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BOOK REVIEWS 





Electronic Equipment 
Reliability 

G W A DUMMER & N GRIFFIN. John Wiley & 
Sons dnc, 440 Park Ave South NYC. 8% x 51/2, 
274 pp. $7.50. 

The author draws from years of 
experience to summarize all types of 
failures and show special limitations of 
all types of parts, coatings, devices and 
circuits. Much of the book deals with 
circuit design to reduce total number 
of parts that can fail. Typical chapter 
headings are: Faults in Electronic 
Equipment, Environmental Condi- 
tions, Constructional Techniques, and 
Reliability Prediction and Calculation. 


* 


Induction Heating: 

Coil and System Design 

P G SIMPSON. McGraw-Hill Book Co Inc, 
330 W 42nd St, New York 36. 6 x 9, 308 
pp. $11.50. 

The practical part of this book tells 
how to get the most from induction 
heating. It describes low-frequency 
heating, metal-joining and annealing 
at high frequencies and how to sur- 
face-harden steel to accurate case 
depths. Coil designs are shown for 
typical applications. 

In addition, the book gives informa- 
tion on heat flow in induction-heated 
parts, selection of frequency for differ- 
ent part sizes and applications and 
choice of automatic controls. The 
curves and nomograms included are 
helpful when solving design problems 
related to induction heating. 


+. 


Electric Circuits and Machines 


EUGENE C LISTER. McGraw-Hill Book Co Inc, 
330 W 42nd St, New York 36. 6% x 91%, 397 
pp. $5.50. 

A text intended for students in 
technical schools and courses as well 
as engineering undergraduates not 
specializing in electricity, this third 
edition has been substantially rewrit- 
ten in a number of chapters. Chapter 
headings include such subjects as dc 
circuits, primary and secondary bat- 
teres, magnetism, electromagnetic in 
duction, de generators, dc motors and 
controls, single- and three-phase cir- 
cuits, transformers and regulators, ac 
generators, polyphase induction mo- 
tors, switching equipment, electron 
tubes and devices. 


continued on page 503 
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5 2 ee ee ; ‘ ied z% Rea} 
cision Switches 


HONEYWELL 


check switch problems with 


MICRO SWITCH That's right! MICRO 


SWITCH has designed over 12,000 different precision switch types for specific 
applications. There obviously are ready answers for most switch problems in 
this huge MICRO SWITCH line, both for up-dating your present machines and 
when designing new ones. There’s an experienced MICRO SWITCH field engi- 
neer near you, ready to help on your switch problems. And, replacement is 
as easy as calling your nearby MICRO SWITCH distributor. You'll find him in 
the Yellow Pages. For precision switches, make MICRO SWITCH your first source: 
Best way to be sure of precise operation, experienced engineering counsel, and 
production capabilities that mean savings for you. 


MICRO SWITCH, FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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Aemo<ii=Fleetric 
Werther STABILIZERS 
PROTECT THEMSELVES 
AGAINST OVERLOAD! 





No need to “fuse” the output 
circuit against overload when 
an Acme Electric Constant 
Voltage Stabilizer is part of the 
equipment. These stabilizers 
provide automatic protection 
against overload or short cir- 
cuit. When load current reaches 
a critical point in excess of 
normal operating load, the out- 
put voltage is reduced to zero. 
No voltage — no current. 























Chart shows 
performance curves 
under various 





voltage inputs and 
current overload 
conditions. This 





current limiting is 
accomplished 
automatically. 




















e 








tJ] 
If you have ever observed the 
“quickness” of two cycles, 1/30 
|, second, then you'll appreciate 


— | the speed with which these stab- 
ilizers respond to a fluctuation in 


1 4g 
% “ |, line voltage. 
<]j 


Available in sizes from 15 to 2000 VA. Input voltage 
ranges 95/130, 190/260. Output voltages stabilized 
at 6.3, 120, 240 volts. Write for catalog 09-B01. 





mark any wire — 
faster, at lower cost! 


BRADY PERMA-CODE WIRE MARKERS 


Self-sticking — go on fast to any type wire. Tell which 
wire goes where. Cost less than 4¢ per lead. All-vinyl, 
polyester film, glass cloth, aluminum foil, vinyl-cloth. 
Color coded to meet NEMA specifications. 

Send for free DESIGN IDEA KIT — contains self-bonding name- 
plates, self-sticking identification, full details in automatic mark- 


eee wn, EIEEIONG co 


Manufacturers of Quality Self-Sticking Industrial Products 


729 W. Glendale Ave., © Milwaukee 9, Wisconsin ©@ Est. 1914 
90 
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STANDARD 








646 


assemblies 


... in any thermosetting 
plastic material. No tool- 


ing cost. Most parts meet 
military specs. Write for 
complete catalog. 


ACME ELECTRIC CORPORATION 
689 Water St. Cuba, N.Y. 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 


SAA3515/1967 


NS VAL Ned od Yo oate 


502 CIRCLE 502 ON READER SERVICE CARD 


1421 South Broadway, Dayton 1, Ohio 
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BOOK REVIEWS continued 


Classification of Electron Tubes $ TA 4 D A ¥ D one $ e E C I A L 


J HAANTJES, H CARTER. Macmillan Co, 60 


e 
ninaew how're ose eee | ~— PMANUGL and motor-driven 
$3.50. 


Outstanding feature of this primer 
on electron tubes is wealth of large R i 


cutaway sketches in color: about three 














dozen tube types are covered. First 
chapters have elementary theory of 
tube electronics; subsequent chapters 
classify tubes by type (thermionic, 
cold-cathode, photo-cathode, _ pool- 
cathode) and discuss control, perform- 
ance, and construction. If you've 
ever wanted a simple yet comprehen- 
sive reference to help vou remember 
what goes on inside electron tubes, 


this is it. ESCO type JM 
7.5 ampere 

* up to 75 poles 

Panel mounting 


ESCO type A ESCO type P 

5 ampere 200 ampere 
up to 20 poles up to 8 poles 
Panel mounting Base mounting 


Thermionic Energy Converter 


PB 161713. Dr W L KNECHT. Office of Techni- 
cal Services, US Dept of Commerce, Washington 
25, DC. 8% x 11, 47 pp. $1.50. ELECTRO SwiTcH Corp. designs, manufactures, and tests stand- 

Although it was prepared nearly a ard and special rotary switches for the most complex electric and elec- 
tronic circuits. The standard switch types range from 2 to 16 positions 
and from 0.5 to 200 amperes. 

Special rotary switches are assembled from standard parts and, if 

text on thermionic converters. Dia necessary, to meet MIL specifications. 
grams of the two major types, and Please write for latest catalog of manually operated rotary switches 
performance comparisons with thermo- or for the catalog of ammeter, voltmeter, and other instrument switches. 
electric converters add to its useful- 





vear ago, this state-of-the-art review 
can still serve as an excellent basic 





ness. For anvone interested in ad- 
vanced energy-conversion systems, it 
Special 


is well worth having. external drum 
‘ styles 


. 


Transformers 


ALEXANDER SCHURE, John F Rider Publisher, 
Inc, 116 W 14 St, N.Y. 52 x 82, 88 pp. 


$2.00. 
e Special 

A simplified but complete discus- motor-driven 
sion of the magnetic principles under- : rotary switch 
lving the operation of the transformer, 
with chapters on transformer design Special 

pat ; p . external drum 

and construction. ['ypical _ trans- styles 
formers are: power transformers, au- 


dio, high-frequency, autotransformer, SLIP-RING Division of Electro Switch Corp. designs, manufac- 


; Ri Sle tures, and tests slip-ring, brush-holder, and rotary-switch assemblies to 
instrument, saturable reactors, anc satisfy any performance requirements, applicable MIL specifications, and 
balancing transformers. most severe environmental conditions. Slip-ring types of assemblies pro- 
vide reliable means for carrying electric signals between stationary and 
* rotating elements of a system. Pancake and internal or external drum 
styles can be constructed. 

, — . Rotary switches provide high-speed multi-circuit switching with a-c 
Transistors—Principles, Design, or d-c motor drives. iich-svechion. commutator segments om A from 
and Applications subminiature dry-circuit sizes to heavy-duty power-handling sizes, 
WOLFGANG W GARTNER. D. Van Nostrand Please write for Bulletin 60-01 describing slip-ring and motor-driven 
Company Inc, 120 Alexander St, Princeton, rotary switches, 

NJ. 9% x 6%, 675 pp. $12.50. 


F ‘rious students and practic 
or sonia sobs And Beetietin —t-j oto rym Aa Ai releba || 


engineers. devotes four 
chapters to semiconductor theory, a Om Onna Am On. Ole) - ss 


then describes construction of trans- Weymouth (Boston 88). Massachusetts 


continued on page 505 
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Change to 
THIS 


for less! 


io oe 
©) 


E13-00A 


FS SS ee ee 


If you 
use THIS 




















i i oe 


r) 











eo ees 


aa 








eT ee 
(‘oe 


es 

















@ .100 over 
travel minimum 

@ 50% higher hp rating (% hp) 

@ Standard case & mounting dimensions 

@ Terminals accept Q. C. or solder connectors 

@ U.L. rated 15 amp 125/250 V a-c % hp Va-e, 
1% hp 250 V a-c 


4 For complete information and sample switch, write to— 


HERRY ELECTRICAL PRODUCTS CORP. 


4 P. O. BOX 66G 
HIGHLAND PARK, ILLINOIS 
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EPEC-Pioneers in PRINTED WIRING have added 
DIELOX 


Metal Substrate Circuitry to their lines of high quality 


high reliability circuit boards. Dielox is designed for high 
temperature applications, and those requiring the structural 
properties of metals, high dielectric strength and built in 


heat sinks or grounds 


EPEC’s Eastern and Western Plants also provide 

e PRINTED CIRCUIT ASSEMBLIES 

e FLUSHED AND EMBEDDED CIRCUITRY 

@ PROTOTYPE SERVICE for rush requirements 

@ PROTOWIRING GRID CHART SYSTEM facilitates 
design and procurement of printed wiring 


PROTOMAKA, the laboratory unit for “c 
processing of printed wiring boards 
ELECTROLUBE, 


contacts 


lo-it-vourself’ 


a conductive lubricant for electrical 


Electralab Printed Electronics Corporation 


Western Division 
EPEC 

1105 Second Street 
Encinitas 

California 

Tel.: Plateau 3-6261 


Main Offices 

EPEC 

175 “A” Street 
Needham Heights 94 
Massachusetts 

Tel.: Hillcrest 4-3912 








GLOW. Write to us directly, or use the reader 
/ service card. 
| Ly Industrial Devices, Inc. 
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NUFAC Ti URERS KNOW © 
omni-glow 
aL OT 


L ‘GHT S», 
The most 
versatile, | | 
long-life \ "fs 
pilot ight available. «. 


y add /ight to the life of your product! 
© LONG LIFE—usually outlasts the equipment on which 


% 
yy ‘it is used. Vibration proof, shock proof—gives thou- 


“sands of peak operating hours. STYLING—every re- 





quirement covered with wide variety of lens colors 
and shapes, lens imprints, ring finishes, etc.; adds 
beauty to any product. SIMPLIFIES PRODUCTION— 
only %-inch hole needed—mounts with push-on 
speed nut or snap-fits into your panel...and SERV- 
ICE—units made to your requirements, delivered to 
meet your production schedules...quantities from 
1 to 1,000,000. 


FREE: omni-GLow catalog, with detailed in- 
formation and specifications, and a sample OMNI- 





EDGEWATER 12 NEW JERSEY 
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Performance-proved on countless 
PUMPING, VALVING, SIGNALLING 
and flow control applications! 


Floatless Liquid Level 


CONTROLS 


For accurate, reliable means of controlling conduc- 
tive liquids, you'll do well to specify “B/W'’—the 
original line of floatless level control equipment 
that has been thoroughly proved in use on count- 
less applications for more than a quarter century. 


0 Consisting of a rugged B/W relay connected 
to one or more electrodes, each control system 
is easy to install, completely automatic in opera- 
tion, and unaffected by pressure, temperature, 
acids, alkalis or caustics. And they're available 
in a wide range of standard and special types to 
meet your particular application requirements. 


Other Reliable B/W Fleatiess Liquid Level Coatro! Equipment 


Electronic Relays Automatic Alternators 





Signals and Alarms Electrodes and Holders 


a 





Complete technical data available upon request —write today! 


CONTROLLER 
CORPORATION 


THE fp} 


2200 E. MAPLE ROAD * BIRMINGHAM, MICHIGAN | 


Manufacturers of Liquid Level and Industrio! Motor Control 


} 
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BOOK REVIEWS continued 
The meat of the book—the last 
12 chapters—explains and gives cir- 
cuit-design details on cach important 
application for transistors. A few are: 


IStors. 


dc bias supplies, amplifiers, oscillators, 
printed circuits, and circuit applica- 
tions exploiting nonlinearities in trans- 
istor characteristics. 


* 


Transformers and Generators 
for Power Systems 


R LANGLOIS-BERTHELOT. Philosophical Library 
Inc, 15 E 40th St, New York 16. 5% x 9, 541 
pp. $12. 


This single volume contains two 
complete books—one on transformers, 
the other on power generators. Each 
gives relatively complete theory on 
electromagnetic design, circuit param- 
eters, insulation and heat transfer, and 
has an extensive bibliography of all 
important references. Each book is 
aimed at the enginecring student with 
good knowledge of phvsics, and at the 
engineer designing or using motors. 


* 


Optics and Optical 
Instruments 

B K JOHNSON. Dover Publications Inc, 180 
Varick St, New York 14. Paperbound, 51/2 x 
8, 224 pp. $1.65. 

An experimental rather than a 
theoretical approach to the study of 
optics. The author discusses, in turn, 
the telescope, microscope, pho- 
tographic lens, projecting system and 
optical glass; and describes the tests 
for measuring the performance of 
each. Those design engineers who 
must occasionally design optical svs- 
tems will find the book a useful guide 
to practical tests and measurements 


eve, 


of optical svstems. 


* 


Elements of Electronics 


H V HICKEY & W M VILLINES JR. McGraw Hill 
Book Co Inc, 330 W 42nd St, NY 36. 6% x 
94, 549 pp. $6 

\ mechanical engineer trving to 
learn clectronics—or a college student 
preparing for his second year in clec- 
tronic cngineering—can benefit from 
this simplified but thorough text. 
Fifty chapters carry the reader from 
basic phvsics, through simple devices 
ind circuits, into clectrical engineer- 
ing concepts such as ac machines and 


continued on page 507 





BEAT THE HEAT 
PROBLEM 


with 


HOTWATT 
CARTRIDGE HEATING UNITS 


for faster, more 
concentrated heat 


4 


7 


z 


Next time you require intense yet 
localized heat in any of your equip- 
ment, specify Hotwatt cartridge heat- 
ing units. Hotwatt cartridges come in 
a wide range of standard and special 
types and sizes to give you heat whicre 
you need it in a hurry. 


And, as an added bonus, Hotwatt’s 
unique manufacturing process assures 
faster deliveries to your plant. Hotwatt 
has in-stock all the necessary materials 
to process your orders quickly. 


Hotwatt cartridges are designed for 
long, trouble-free Standard 
units feature precision-made stainlcss- 
steel sheaths; maximum surface tem- 
peratures to 1250°F.; etched, not 
stamped, designations to preserve 
accurate shape; moisture resistance; 
maximum heat transfer and minimum 
core temperature; heating element 
supported on superior ceramic and 
solidly packed with magnesium oxide. 


service, 


Discover for yourself what so many 
other companies have found out: 
Hotwatt units are your best buy in 
cartridge heaters. 


i 
| 
t 


TUL B ana 


wy 


| 


HOTWATT, INC. 


75 MAPLE ST., DANVERS, MASS. 
ELECTRIC HEATING SPECIALIST 
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SPECIFY UNIQU 
alt Sal Z> 


MOTOR == PROTECTORS 
eo, aia The 


i w-w bow-e ae) eee oenalex 


Miniature 


oe ce, BA High-Speed 


FOR: automatic switching 
circuit selection 


PTateMdlaaliay-eeoelal ae) Stepping Switch 


FEATURING: 8&SO steps per sec- 
ond on impulse drive BO contacts per 
bank 12 banks maximum 17 oz. light- 
weight @ levels sequence switching. 

Over 5,000,000 Steps Without Replacements 


Write today for complete data — Also, data available on 
Genalex one-way and two-way stepping switches. 


lh he ee’ 





11 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 
U. S. AGENTS FOR THE GENERAL ELECTRIC COMPANY, LTD. OF ENGLAND 
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SMOOTH AND FLAT AS A MIRROR! 


Extreme flatness and high polish are lesser-known 
qualities of KARAK (our versatile carbon graphite). 
The surface can be lapped to 1 light band and a 16 rms 
finish. Density can be extremely high. Surprising to 
design engineers familiar only with extruded carbons, 
KARAK can be harder than many of the hardest alloys 
(Scleroscope 100). 

As a hard, dense, self-lubricating material, chemically 
inert, electrically conductive to an exceptional degree, 
machinable to great accuracy and capable of a smooth 
finish and of surfaces resistant to heat-distortion, 
KARAK is destined for many unexpected new uses in 

WRITE FOR CATALOG the growing complex of modern industry. 


M en) ANICAL INDUSTRIES | Write today for your copy of the KARAK data catalog, 
PRODUCTION CO. 
the OH/O CARBON COMPANY== 


219 ASH ST. * AKRON, OHIO 12508 BEREA RD, DEPT.285, CLEVELAND 11. OHIO 
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..may solve 
pAelt]  Meldeleli-jas 
“SIMPLY 
U POSITIVELY 
“ECONOMICALLY 

A single TORQ 


. 
SYNPRO-TEX governor 


cycles an automatic 


washer during spin-dry to | 
less than 1G to more than | 


1G to balance the load, 
get clothes drier and 
make the wash “fluffy”. 
@ A TORQ MULTI- 


TECTOR practically runs | 


a diesel engine. It cuts 
out cranking motors, en- 
gages and disengages 
cooling circuit, provides 
fuel requirements at dif- 
ferent speeds, then sig- 
nals full speed. 

@ TORQ governors re- 
late fuel supply to air 
supply in power gas 
burners. A single gover- 
nor will purge the com- 
bustion chamber, then 
turn on the gas, and dur- 
ing operation if blower 
falls below required 
speed for any reason, the 
governor shuts off the gas. 
@ In event of overload 


on a saw mill, due to dull | 


blades, a TORQ governor 
causes the cutting blade 
to be withdrawn before 
damage can occur. 


@ On electronic equip- 


ment blowers, a TOR 


governor will cut the | 


equipment out of the cir- 


cuit in event of blower | 
failure, to protect expen- | 


sive electronic compo- 
nents against overheating. 
@ Conveyors are auto- 


matically shut off if they | 
fall below predetermined | 


safe speed. 
@ TORQ. governors 


make an ideal plugging | 
switch to cut out the | 


motor at low speeds close 
to zero before motor re- 
verses. 


@ On truck refrigerators, | 


TORQ governors main- 
tain proper voltage and 


frequency output from | 
the alternator by shifting | 


it through a solenoid ac- 
tuated transmission at 
pre-calculated truck en- 
gine speeds. 

If your device employs 
a rotating shaft, a TORQ 
governor can sequence it, 
control it, provide signals, 
or monitor it for safety at 
one or many speeds from 
zero to more than 15,000 
rpm. 

Write today for Bulletin 

No. 250. 


Patents & Patents Pending 


TORQ ENGINEERED PRODUCTS, INC. 
60 West Monroe Steet Bedford, Ohio 
Phone: BEdford 2-4100 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


continued 


BOOK REVIEWS 


theory of inductance, and finally into 
discussions of tubes, power supplies, 
transmitters, receivers and transistors. 
All of the book is in straightforward 
language; the first edition (of which 
this is a complete revision) was suc- 
cessful in the training of armed-forces 
technicians. 


* 


Magnetic Amplifiers: 
Principles and Applications 


John F Rider Publisher Inc, 116 
52 x 8 soft cover, 112 


PAUL MALI. 
W 14th St, NYC. 
pp. $2.45. 


Presuming the reader has a funda- 
mental knowledge of electricity, the 
book starts with a review in the field 
of magnetism, electromagnetism, and 
magnetic circuitry. Next, the book 
discusses the saturable reactor, self- 
starting and three-legged core-mag- 
netic amplifiers, compensating and 
polarized magnetic amplifiers, and 
variations of these types. Then, the 
book goes into maintenance and 
troubleshooting, and finally, practical 
applications of magnetic amplifier cir- 
cuitrv, with a thorough discussion of 
each application. 


* 


Analog Computer Components 
R M HOWE. D Van Nostrand Co Inc, Prince- 
ton, NJ. 6 x 9, 261 pp. $7.50. 

The mathematician may be satis- 
fied with a theoretical approach to 
analog computation, but the man who 
actually manipulates the hardware 
needs to know more than that. He 
needs to know how to get the most 
out of his machine, how it works, 
where errors may occur and how they 
may affect the solution, what pe- 
ripheral equipment is available and 
what it will do. This book offers an 
answer to those questions. In sepa- 
rate chapters, the author analyzes and 
describes amplifiers, multipliers, func- 
tion generators, recorders, and miscel- 
lancous equipment. The remaining 
two chapters are devoted to system 
considerations and errors. The com- 
ponents described are actual commer- 
cial items; when discussing 
multipliers, for example, the author 
specifications and character- 
istics of those manufactured by Elec- 
tronic Associates, Berkeley, Reeves, 
and Goodyear Aircraft. The ap- 
pendix includes 42 photographs of 


continued on page 509 
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CORDSETS AND RETRACTILE CORDS 
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ELLA. 


REQUEST COMPLETE 
CATALOG 
ON YOUR LETTERHEAD 


| 


120 Main Street « Pawtucket, R. 1, 
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bimetal THERMOSTATS 


* snap-action non-adjustable except where noted 
© various mounting flanges and terminal arrangements available 
© inductive UL ratings (HP) conform to the National Electric 


Code 


for full load single phase motors 


© two maximum load ratings are shown where UL has different 
life cycle requirements 


CONTROL 
TYPE 


Marea 


SIONS 











THERM-0-DISC 
INCORPORATED 
MANSFIELD, OHIO 


leaders in research, 
development 
and production of 
com- 
prehensive line of de- 
pendable bimetal 


America’s 


most 


perature controls. 





THERMOCOUPLES 


THAT WILL WITHSTAND 


3000°F ano 


UP TO 50,000 PSI 





NEW, SIMPLE 
CONSTRUCTION 


A metallic sheath compressed 
over ceramic insulated wire. 
Sheath can be bent and 
weldments can be performed 
without loss of insulation. 
3.8A for complete 
thermocouples. 
4 for AEROPAK 


Ceramic Insulated 
wire. 





Write 
for new 
Bulletins 


VSMF 


INSTRUMENT COMPANY, INC. 
DEPT. P.E.D., 315 NORTH ABERDEEN ST. @ CHICAGO 7, ILL. 
Sales Representatives throughout the United States and Canada 
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tem- 





note: no attempt has been made to il- 
lustrate our entire line / for applications 
requiring a control other than shown 
here, consult the factory 


6.65 and 12.5 amps resistive ¢ 120 VAC @ 
3/8, 05/8 


10 amps resistive, 1/8 HP inductive © 120/240 
VAC © H 37/64, W 1-3/16, MHD 1-3/16 


automatic or manual reset © 13.75 amps 120 VAC, 
10.4 amps 240 VAC, resistive: 1/6 HP inductive 
® 120/240 VAC @ H 3/4, W 1-5/8, MHD 1-9/16 


automatic or manual reset © 25 amps resistive, 
1/2 HP inductive © 120/240 VAC e H 3/4, W 
1-5/8, MHD 1-9/16 


automatic only © 6000 watts at 240/277 VAC (300 
V to ground clearances) @ H 3/4, W 1-5/8, MHD 
1-9/16 


(SPST or SPDT) © 25 amps resistive, 1/2 and 1 
HP inductive © 120/240 VAC @ W 15/16, D 1-7/32, 
MHD 1-9/16 
(SPST or SPDT) © 40 amps resistive, 3/4 HP in- 
ductive © 120/240 VAC @ H 1-1/16, D 1-11/16, 
MHD 2-3/16 


(SPST or SPDT) © calibration electrically regu- 
lated © 25 amps resistive, 1/2 HP inductive @ 
120/240 VAC @ internal heater 250 ohms up to 
1 meg. ohm © H 15/16, D 1-7/32, MHD 1-9/16 
hermetically sealed © 8.3 amps resistive, 120 VAC 
@ H 21/32, D 1-5/32, MHD 1-11/16 optional 
hermetically sealed © (SPST or SPDT) © 25 amps 
resistive, 1/2 and 1 HP inductive © 120/240 VAC 
© H 1-1/4, D 1-3/8, MHD 1-5/8 optional 
adjustable to 450°F. © 1650 watts e 
VAC @ H 37/64 min. (stack mtd.) 

(3 or 7-inch extension) adjustable fan or limit con- 
trol @ 1/3 and 3/4 HP inductive © 120/240 VAC 
@ H 31/32, W 1, MHD 2-5/8 


120/240 


for additional 


information 
send for 
bulletin no. 


39 
46 


37A 


38A 


38A 


36 


45 


42 


ad 


43 


40 


AFe AL 3-7 





WH—TOTAL HEIGHT, W or D—WIDTH or DIA., MHD—MOUNTING HOLE DIMEN- 
TERMINAL LENGTH OR HEIGHT NOT CONSIDERED IN DIMENSIONS. 
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HOLDS 4 TIMES AS BIG A BUNDLE — 
HOLDS AT 50 G’S 


Genuine Bund-L-Tite* nylon straps are twice as long and fully 10 
times as strong as any other bundle-tying strap made. This means 
that you can secure larger bundles at greater stresses. Bund-L-Tite is 
fast and simple, too: just pull the self-locking strap around the wires. 
No tying, no knots, no hitches to come loose. Light-weight DuPont 
zytel meets MIL-P-17091. 1%” size holds 40 lbs. tension; %g¢”, 175 lbs.; 
14”, 325 lbs. IMITATED BUT NOT DUPLICATED. Write for free literature. 


DH —& KX. Sa Ta 
ENGINEERING, INC. 
4315 Sepulveda Blvd., Culver City, California 


Manufacturer of 
Cab-L-Tite clamps. 


*Trade Mark 
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BOOK REVIEWS. eeeeeeeeeece continued 


typical equipment: complete com- 
puters, patchboards, amplifiers, multi- 
pliers, function generators, recorders 
and plotters. 


*” 


Thermoelectricity 


PAUL H EGLI. US Naval Research Laboratory, 
Washington, DC. 6 x 9, 407 pp. $10. 

Most of the chapters are papers 
presented at the Conference on Ther- 
moelectricity sponsored by the Naval 
Research Laboratory in September of 
1958. The compilation, plus much 
additional information put in later, 
tepresents the best of science now 
available for guidance in future work 
on thermoelectricity. 

Chapters are presented in 
sections with some inevitable 
lapping. Section I presents an in- 
troduction and broad survey of funda- 
mental concepts of thermoelectricity. 
The second section examines the 
physics of the properties which de- 
termine thermoelectric performance. 
The last section emphasizes high-tem- 
perature problems and explores the 
relative merits of static and transient 
methods of measuring thermal con- 
ductivity. A conclusion, written by 
Dr Egli, synthesizes the ideas pre- 
sented in the main body of the book 
and offers valuable guides for the se- 
lection of materials at this early stage 
of development. 


four 
over- 


* 


Field Theory for Engineers 


PARRY MOON AND DOMINA EBERLE SPEN- 
CER. D Van Nostrand Co Inc, Princeton, NJ. 
6% x 9%, 530 pp. $12.75. 

Ordinarily the one-dimensional 
treatment common in studies of mag- 
netism, heat conduction, mechanical 
vibrations, and acoustics falls short 
where the phenomena spread out in 
three dimensions. Circuit concepts 
may be of great practical value as ap- 
proximations; but a more basic ap- 
proach is increasingly desirable as en- 
gineering becomes more precise and 
more ramified. 

Field-theory problems can be han- 
dled by a number of methods, includ- 
ing transformations in the complex 
plane, numerical approximations, and 
experimental methods. By far the 
most powerful technique, however, 


employs separation of variables. This 
continued on page 511 
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If Its Quick Handling of Circuit Groups You Want... 


Buchanan has it. . . . Circuit groups 
are wired to Buchanan Fanning Strips 
made especially for Buchanan sec- 
tional MD pres-SURE-blocks. You con- 
nect and disconnect from 2 to 24 cir- 
cuits without handling individual wires 
and the possibility of wiring errors. 
There’s no end to the versatility of MD 
blocks. Just 2 different snap-fit parts 


U. S. Pat. No. 2,922,139 


build any length block. Common wires 
—equal to 1 #22 thru 1 #8—can be 
grouped under a single tubular contact. 
That saves space, minimizes jumper- 
ing, eliminates lugging. Write now for 


Bulletin PE-8. 
ole 


Tubu'ar contacts listed by UL. 
Blocks listed for 600 v. by CSA. 


BUCHANAN ELECTRICAL 
PRODUCTS CORPORATION 


HILLSIDE, NEW JERSEY 
In Canada: ESNA CANADA LIMITED, Toronto |6 
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2ualily Since 1909 
JOSEPH POLLAK ‘CORP. 


75-95 Freeport Street 
Boston 22, Mass 


RELAYS 


Coaxial 
Hermetically Sealed 
High Voltage 

Plate Current 
Power 

Telephone 

Thermal Time Delay 
Sensitive 

Vacuum Contact 


SOLENOIDS 


Miniature, Lightweight, Compact Maximum 
Power for Miniature Size, Variety of Mount- 
ings, Coils, Wire Sizes 


SWITCHES 


Rotary Selector 
Push-Pull 

Snap Action 
Ignition 
Miniature Rotary 
Key Operated 


SOLID STATE DEVICES 








Write for Complete Catalog 
2ualily Since 1909 
JOSEPH POLLAK CORP. 


75-95 Freeport Street 
Boston 22, Mass 
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BINARY OPERATED 











r Operates Direct-I 
or Translators 


. 
f 3 


Applications: 7 
Connected directly into 
computers, teletype, etc. — 
Features: Electro-magnetic 
operation, low power (10 
milliwatts), accepts 

BCD code to 6 bits, 

does own translating. 
Specifications: 1%” high 
character, module size 
1%” x 344” x 6%” 


AnpustRIAL EectRoNic ENGINEERS, Inc. 


. 5528 VINELAND AVENUE 
NORTH HOLLYWOOD, CALIF. 
= © Representatives in principal cities, 


Price Complete 
from $50.00 


WRITE TODAY 
FOR COMPLETE 
DETAILED 
INFORMATION 
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>= WIRES MARKED 


/ 2° PERMANENTLY . . 


METAL IDENTIFICATION TAGS OF EVERY 
DESCRIPTION FOR MARKING CABLES, 
LEADS, AND GROUPING WIRES... 


TERMINAL TAGS are rapidly replacing obsolete string and paper 
identification methods—they mark the end of identification probl ! 
Made of aluminum, steel, brass, or zinc, in a variety of styles and 
sizes. TERMINAL TAGS are easy to apply, and are used in the manu- 
facture of aircraft, radios, telephones, motors, generators, etc, They 
can be stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, NEWPORT, KY, PHONE COlonial 1-2035 
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more than 


1000 


i 


7 STANDARD 


/ ELECTRICAL 
, 7 PARTS delivered 


/ FAST! 


Lugs @ Clips © Terminals 
Wire Forms from Stock 


Send for your copy of the new 
Zierick catalog No. 22 TODAY! 


112 Beechwood Ave., New Rochelle, N.Y. ° NEw Rochelle 6-8520 
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SOLID 
STATE 


time /delay/ relays 


... with traditional AGASTAT reliability! 


Now available . . . solid state AGASTAT time/delay/relays with 
accuracy and reliability essential for critical missile and com- 
puter applications. 

Advanced design . . . uses modular construction for versatility, 
rapid delivery on custom units. Specially selected, matched and 
tested components assure highest reliability and uniformity. 

Six basic types . . . cover timing ranges from 0.01 sec. to 10 hrs. 
Only 1%,” sq. . . . hermetically sealed . . . immune to transients 
and voltage variations. Operation — 18-32 vdc, pull-in or drop- 
out. Load current up to 5 amps. Write for brochure . . . contains 
full technical details. Dept. $3-2062. 


TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION » ELIZABETH, NEW JERSEY 


IN CANADA: E8NA CANADA, LTO. 12 GOWER ST., TORONTO 16, ONTARIO, CANADA 
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es 


Simpler — Quicker Connections 4 


with 
CURTIS 


Terminal 
Blocks 


Factory Assembled 
or Kit Form. 


Type “BT” 
Panelboard & Utility 
Type “R” 

Control Wiring 

Type “FT’—“FTS” 
Feed-Thru 
Applications 

Type “MAT”—“MA” 
UL Approved 
Applications 

Type “HY” 

High Current 
Applications 

Type “S’—"O"—"L" 
Power Wiring 

Type “E”’—"K” 
locked-in 
Connections 

Type “BTH” 
Combination 
Terminals 


CURTTS ovetve.opment & MFG. CO. 


3292 North 33rd Street, Milwaukee 16, Wisconsin 








Catalog No. 161: 
Curtis Terminal Blocks 
Make Better Connections 
‘vod . 
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BOOK REVIEWS........+++++.continued 


is the principal method treated in the 
book. Typical topics covered are: 
Orthogonal Functions; Cylindrical 
and Spherical Coordinates; Prolate 
and Oblate Spheroidal Coordinates; 
The Poisson Equation, Bessel and 
Laplace Functions, and The Diffusion 
Equation. There are many illustra- 
tions of mapping techniques. 

The book is an outgrowth of 
mimeographed notes used in the 
Electrical Engineering Dept at MIT 
for the past 10 years. 


* 


Basic Transistors 
ALEXANDER SCHURE. John F Rider Publisher 
dnc, NY. 6 x 9, 146 pp. 

Text (highschool and college un- 
dergraduate level) is highly pictorial- 
ized and presents only one important 
concept per page. “Question” and 
“Problem” pages appear throughout 
the volume to emphasize the major 
points presented. This simplified, 
heavily pinpointed approach makes 
Basic Transistors readily understand- 
able without an instructor, and suit- 
able for individual as well as classroom 
study. Coverage ranges from the 
structure of atoms to the character- 
istics and circuitry of recently devel- 
oped transistor types. 


ok 


Applied Optics and Optical De- 
sign, Parts | and Il 

A E CONDRADY. Dover Publications Inc, 180 
Varick St, New York 14. Paperbound, 51/2 x 
81/2, 841 pp. (including both volumes). Part !: 
$2.95; Part Il: $2.95. 

A thorough treatment of the geome- 
try and mathcinatics of lens — 
and multiple-lens systems. In fact, i 
is a much more thorough i oanies 
than that needed by the average de- 
sign engineer. If you have an optical 
problem and are not _ thoroughly 
familiar with the mathematics of op- 
tics, you will probably solve it with 
ready-made lenses and simple optical 
formulas. In which case, these books 
won't help much. 

If, on the other hand, you want to 
become an optical expert, this is the 
place to start. Part I covers all or- 
dinary ray-tracing methods together 
with the theory of optical aberrations. 
Part II enlarges on this theme with a 
study of optical systems and special 
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PRODUCTION BASIS 


ALL SIZES—11 through 23 
ALL TYPES—Transformers, Transmitters, Differential 
Transmitters—Thru-Bore and Standard 


ALL ENGINEERED & MANUFACTURED TO: 


MIL-S-2335 MIL-S-16892 FXS-1066 
MIL-S-12472 MIL-S-20708A 


ALL AVAILABLE WITH MAXIMUM ELECTRICAL 
ERROR OF + 3 MINUTES! A major breakthrough, 
made possible by VERNITRON specialization in 
se og synchro component design and manu- 
acture 





119 Old ,= 4 Rd., Carle | he 
West Coast Plant: 1742 Se. Crenshaw bed. Torrance Cal.—F Airtax 8-2504 @ TWX: TNC-.4301 





in FT_t @ 
¥. 


SPAN I® 





WRITE, WIRE, PHONE 
NOW for complete 
price, delivery and 
specification data; 

ask for new 
Vernitron Bulletin 


ERNPTRORE 3: ovury. 


SERVO COMPONENTS 


i 
VERNITRON 3-MINUTE CONTROL SYNCHROS 
DELIVERED ON REGULAR ' 


@ Ploneer 1-4130 © TWK: G—CY-NY-1147 


COILS FOR MAGNETIC 
REED SWITCHES 


Write for Bulletin and Prices 


TYPE “S” 


coil windings . . . 
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. |Amp/ 
Turns 





250 




















ouennens 


at ae 


Since 1917 Coto-Coil has produced all types of electrical 
for every application . . 
demanding specifications. Our complete design and engi- 
neering service is available to you on request. 


(oto-Cols S.. 
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. to the most 


WIRE SIZES #6 to #56 
. Classes A, B, FandH 


61 Pavilion Ave., Providence 5, R. 1. 
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ee 
PROXIMITY LIMIT SWITCHES 





ALL STATIC—ACCURATELY LIMIT THE 
MOVEMENT OF MACHINES OR PARTS 


Reliable—rugged—all static 
—corrosion resistant—can’t 
wear out. 

Not affected by oil mist, 
iron filings, sand, dust, dirt 
or water. Very successful in 
underwater applications. 
Tripped by any magnetic 
material. Has passed Navy 
shock and vibration tests 
(MIL-S-901B) and (MIL- 
STD 167). 

Proximity limit switch in- 
stallations include only three 
parts: 

1. Sensing head — located 
where magnetic pieces 
will actuate the element 
when brought within the 
predetermined trip dis- 
tance; 

Control element — picks 

up the signal from the 

head and drives static 
control components, re- 
lays or solenoids; 


You can be sure... 


Control Element 


# 3170064601 


3. 115 v, 60 c, supply line 
and head-to-element lead. 
Normally each sensing 
head requires its own 
control element, although 
in special applications up 
to six heads can be used 
on a single element. 


OPERATING PARAMETERS: 


Two operating distances: 
Adjustable 4"— 14"; 4"— 
2”. 5-20 operations per sec- 
ond. Response time, 25 milli- 
seconds. Sensitivity to turn 
off: 20% at maximum trip 
distance; 5% at minimum 
trip distance. Control ele- 
ment output: 8 w, 24 v d-c 
at 335 ma, 60 cps. 

For specific or test appli- 
cations, send your order or 
request for further technical 
information direct to Gen- 
eral Purpose Control Dept., 
P.O. Box 2025, Buffalo5, N.Y. 


if it’s Westinghouse. 


Industrial Head 
yy” -%" trip 


# 316C806G0) 


Heavy Duty Head 
Yy” -%”" trip 
# 6140002601 


Heavy Duty Head 
¥%” - 2” trip 
# 614C003G01 


Industrial Head 
Y¥” - 2” trip 
# 3170259601 


Westinghouse 


Westinghouse Electric Corporation 
General Purpose Control Dept., P.O. Box 2025, Buffalo 5, N.Y. 


Please send technical information on the following units 


317C064G01 | 
614C003G01 


Name 


3160806G01 [) 317C259G01 


C) 614C002G01 





Company 


Address 
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RAYTHEON KNOBS 
for that precision-engineered look! 


Vaiss 
27060e@. 


OVER 345 DIFFERENT STYLES IN 
STOCK FOR IMMEDIATE DELIVERY! 


REG. U.S. PAT. OFF. 


WRITE TODAY FOR DETAILS 


Please address your inquiry to: 
RAYTHEON COMPANY 
Industrial Components Division 
55 Chapel St. 
Newton 58, Mass. 
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“\ARRICK 
Floatless, Electrode Type } 


LIQUID LEVEL CONTROLS 


give you all these advantages! 


No moving parts in the 
liquid @ Easy to install 
@ No adjustments neces- 
sary © Unaffected by 
acids or caustics @ Un- 
affected by pressure or 
temperature @ Standard 
2&3 pole units listed by 
U/L 

Write for 32-page 

Catalog which gives 
complete specifications 


Two pole control shown at left 


YOU CAN USE OUR CONTROLS FOR 


@ Single & multiple pumps ©@ Sewage & waterworks 

®@ Motor & solenoid valves @ Chemical Industries 

®@ High & low cutoffs © Food & Dairy Industries 
& alarms @ OEM applications 


Special controls to custom requirements 


CHARLES F. WARRICK CO. 


1964 W. Eleven Mile Road, Berkley, Michigan 
Dept. 3 Telephone JOrdan 4-6667 
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BOOK REVIEWS ° -- -continued 


| 4% WAYS TO END ALL CORD 
attention to high-power microscope ee _— > AND CABLE ome FAILURES 


objectives and anastigmatic photo- 
graphic objectives. Part I was orig- PROTECT ly 
inally published early in this century; YOUR PRODUCT g = Ss 


Part II is published here for the first 


time, being assembled and edited post- at point of strain = =m | 
humously from the author's notes by Protect product sale- o 4a > 
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DENNIS WARD. Macmillan Co, 60 Fifth Ave, CIRCLE 783 READER SERVICE CARD 


NY. 8% x 5%, 204 pp. $3.95. 








If you want to read engineering PR apne 
articles in original | Russian, without C i A IVI P< ‘ SHAPES AND 
the necessity of first becoming an , = SIZES 
amateur linguist, this book may pro- | ff 
vide the answer. It stresses only the MILITARY & COMMERCIAL TYPES 
essential grammar, passes lightly over | TA Clamps are available for any wire or 
tube harnessing applications. Complete 
range of sizes from ¥” to 6”, with or with- 
do-it-vourself examples based on actual out cushioning. Choice of aluminum or 
scientific literature. In the beginning steel. Exclusive TA ‘‘Wedge Seal’’ gives 
added safety feature. 


“STANDARD CLAMPS COST LESS” 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


LIGHTING IDEAS 


for design and production men 


T4WM Fluorescent Microscope Iiluminator— 


objective of microscope fits into opening be- 
tween fluorescent tubes of this special light 
Designs available for practically any microscope 

or can be attached and used with other 
equipment This ia just one of many lighta for 
original equipment, production or inapection 
applications. Write for catalog 


STOCKER & YALE, INC. 


46 Green St., Marblehead, Mass. =- telephone: NEptune 1-0038 
CIRCLE 785 ON READER SERVICE CARD 


AN 
EXPLOSION PROOF 
ZERO SPEED 
SWITCH... 


te DAZIC’ 


This new line of DAZIC controls incorporates the perform- 
ance-proven DAZIC mechanism in a new type, explosion 
proof housing, laboratory tested and certified. Selected 
models of these compact, shaft driven units, designed for 
safe use in hazardous locations, will operate: 

e at slow shaft speeds (as low as 2 RPM) 

e to trip contacts at field adjustable shaft speed settings 
e at driven speeds to 1800 RPM 

@ in ambient temperatures from —20°F to +200°F. 





Request descriptive 


bulletin. ® 
Catalog of complete 

DAZIC control line 

available on letterhead 

request. 


THE WINTERBURN MANUFACTURING COMPANY 
P. O. Box 386, Putnam, Conn 


514 CIRCLE 514 ON READER SERVICE CARD 








JANCO MINIATURE 


Rotary 
Selector 
Switches 


SERIES 1900 


All Janco switches are designed and built to exceed MIL-S- 
6807A. Possessing long-life with a high degree of reliability, 
they exceed the operational and environmental requirements 
of shock, vibration, altitude, and explosion. Because of their 
design and construction, all Janco switches are ideally suited 
for dry circuit and signal level switching applications. 


SPECIFICATIONS 


Electrical Rating: Make, break, and carry 
Up to 5 amps 115V AC and 28V DC resistive, 
and 2 amps 28V DC inductive 


Contact Positions: 2 to 12 positions 
Index: 30°, 36°, 45°, 60°, and 90° indexing 
Decks: 1 to 16 decks (single pole) 


Write today for complete detailed specifications. 


JANCO CORPORATION 


3111 Winona Avenue, Burbank, California 
CIRCLE 786 ON READER SERVICE CARD 


Readouts q 





Series 10000 


DISPLAY NUMBERS, WORDS, 
COLOR, and SYMBOLS 


Ideal for computers, electrical and 
electronic test equipment, control 
systems, and annunciation boards. 
Price complete from $18.00. Write 
today for complete detailed speci- 
fications and quantity prices. 


CIRCLE 787 ON READER SERVICE CARD 


Iwoustriat Exectromic Engineers, inc. 
5528 Vineland Ave., North Hollywood, Calif. 





SECTION 


HYDRAULIC AND 
PNEUMATIC 
EQUIPMENT 


HOW MUCH COMPRESSED AIR? 
by F. Caplan 


POINT SYSTEM STREAMLINES PIPE-SIZE ESTIMATES 

HOW TO SPECIFY PIPE, TUBING AND HOSE SIZE 

PIPING: TYPICAL SUPPORTS, EXPANSION JOINTS AND FITTINGS.... 
VISCOSITY CONVERSION CHART 

DESIGN ABSTRACTS 


TRENDS: 


® Higher pressures are with us—there are standard components available to 6000 
psi, and special designs go to 50,000 psi. The reluctance to risk leakage at pres- 
sures over 2000 psi is still a factor, but compactness and higher power are 
advantages that cannot be overlooked much longer. It is predicted that pressures 
of 5000 or 6000 psi will soon be commonplace both in liquid and air systems. 

But high temperatures are more troublesome than high pressures: 400 to 500 F 
seems to be the top limit right now for the best commercial hydraulic fluids; 
300 F °» much easier to work with because the available fluids cost less and are 
usualiy more dependable. While there will be no drastic change in the picture 
in the next year or so, there will be a steady, continuing improvement of existing 
liquids. 

Where extreme temperatures (and pressures) are required, air will do the 
work. This is why there is increasing interest today in pneumatic logic elements 
and pneumatic servovalves—here the only temperature limitation is in the 
housing material. Also look in the near future for interesting components 
based on air-logic and high-pressure, high-temperature pneumatics. « 
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From: 


Instruments and Control Systems 


METERING VISCOUS FLOW 


Crude oi! 
vi me Ee ney 
—— VISCOUS Non- vi: 
$s ~Tiquids — ede 


ee 10° 10% 10° oer 
Reynolds number 


1. . DISCHARGE COEFFICIENTS vary with orifice. Square 
sharp-edge orifice has discharge coffiecient that changes at 
Reynolds number below 20,000. Round-edge orifice remains 
usable to Reynolds number down to 1000. (Courtesy 
American Meter Co) 


VVVEERTRCULCCULLOD 


ALLA 


2... BAILEY area meter for viscous fuels. 


Here are recommendations based on the 
experiences of leading meter manufactur- 
ers for the problem of metering liquids of 
low Reynolds number. 


IME ctcring viscous fuel oils presents special problems. 
Meter manufacturers were asked for their recommenda- 
tions; here they are. 


American Meter 


American Meter has sponsored investigations and re- 
search work with orifice meters in viscous liquids. Square- 
edge orifices show a considerable variation in discharge 
coefficient, increasing rapidly as Reynolds number falls 
below 20,000. Discharge coefficient is greatest around a 
Reynolds number of 300, then falls off again for lower 
Reynolds numbers, Fig 1. 

Tests with 2-in. and 4-in. lines revealed that a rounded 
edge orifice (developed by American Meter) has a con- 
stant discharge coefficient for Reynolds numbers above 
1000. This orifice extends accuracy more than one decade 
lower in Reynolds number, and includes the viscosity-range 
crude oils, Fig 1. 


Bailey Meter 


Bailey recommends using the area meter, Fig 2, when 


measuring heavy oils such as tar or pitch. These meters 
usually are installed with steam tracers or electrical heating 
cable, so that the meter itself, as well as the fluid being 
measured, is at an elevated temperature. 

In the case of the 4-in. area meter, errors introduced by 
viscosity changes and manufacturing tolerances allowed in 
the gap between the metering plug and cage are so negligi- 
ble that calibration under actual operating conditions is not 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


3 .. FOXBORO quadrant-edge orifice 13A d/p 4 
cell transmitter. 


°7o7 


required. This meter avill stay well within the 2% accu- 
racy guarantee when measuring fluids having viscosity as 
high as 300 SSU over -temperature changes of as much as 
200 F. It is sensitive to flow variations of 4% of full scale 
and measures flow rate over a range of 50 to 1. 

The smaller area meters (sizes ] in. and 2 in.) should 
be calibrated under conditions corresponding to actual use 
if a similar degree of accuracy is expected. The smaller 
meters require this calibration because the magnitude of 
errors caused by both viscosity and manufacturing toler- 
ances are inversely proportional to the total port area of 
the meter. 

rhe problem of leakage owing to manufacturing toler- 
inces is caused by fluid passing between the metering plug 
lands and the cage and -thus not producing the lift on the 
plug as required for measurement. This error, of course, 
is negligible in the 4-in. meter. 

The viscosity error stems primarily from the fact that 
on the smaller area meters the relationship between the 
Revnolds number and coefhcient of discharge is not a 
constant or linear function at low Revnolds numbers. As 
Revnolds number is a function of viscosity, which is in 
turn a function of temperature, every time the temperature 
of the measured variable changes, it results in a change 
in the coefhcient of discharge and, hence, a change in indi- 
cated flow. 

It is fairly simple to correct for both of these errors by 
calibrating the meter under operating conditions, using a 
fluid having the same viscosity as the fluid to be measured. 
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with a 


HAGAN line-type differential transmitter 
bellows having a ealibrated orifice. 


Satisfactory operation on tar and heavy oils apparently 
stems from the high differential across the meter and gen- 
erous clearances between the cage and the metering plug. 


Foxboro 


Foxboro recommends a quadrant-edge orifice plate as 
the primarv element for Reynolds numbers below 10,000. 
Accuracy is approximately 1.5% to 2% with constant 
coefficient. 

Pressure taps from the flow line to the differential pres- 
sure device do not present much of a problem if treated 
in the following manner: Run the piping from both taps 
horizontally from the side of the flow line, through a 
shutoff valve, and into a vertical tee, the top of which has 
a plug so that filling fluid can enter. The piping from the 
bottom of the tee is brought directly to a Foxboro d/p Cell 
Transmitter. With shut-off valve closed, fill with a solu- 
tion such as 50-50 Prestone and water, which is not mis- 
cible with line fluid. 

The 13A d/p Cell Transmitter, Fig 3, has small displace- 
ment and is recommended for this purpose. It also lends 
itself to small seal pots—another installation possibility 
where viscous products are involved. 


Hagan 


Hagan offers a flow-signal (differential) transmitter spe- 
cially designed for viscous liquids which tend to solidify 
in a unit with a closed end, through which there is no 
flow. This transmitter, called a “line-type differential ele- 
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. HAYS Veriflow positive-displacement meter. 


ment,” is shown in Fig 4. It has a metallic bellows ele- 
ment with a calibrated orifice in the bellows head. 

If the flow is not expected to exceed 1200 gallons per 
hour and the viscosity of the liquid is not more than 150 
SSU, and the temperature is not in excess of 300 F, the 
line type meter will not require an orifice plate in the line 
—all the liquid is handled by the meter. If the flow is in 
excess of 1200 gph, an orifice will be required in the flow 
line together with the orifice in the transmitter bellows. 
he differential produced by the main orifice in the flow 
line causes a small flow through the orifice in the trans- 
mitter bellows, which thus cannot “freeze.” 


Hays 


Hays recommends the Model 347 Veriflow and for con- 
trol purposes, the Model 371 Veritol for measuring viscous 
fuels. The meter body itself is a Niagara or Buffalo meter- 
ing unit, Hays adding the extension and generator with 
indicator as shown. 

he metering body can be mounted within a suitable 
housing, standard 371 Veritol case, which, together with 
a controller, power unit and suitable accessories, is applied 
to the control of such materials as tar, molasses, fish solu- 
bles, and others. 


Minneapolis-Honeywell 


Minneapolis-Honeywell has an evenly-graduated area- 
tvpe electric flowmeter, Fig 6, designed for flow measure- 
ment of viscous liquids of over 40 SSU viscosity, such as 
Bunker “C”’ fuel oil, hot tar, asphalt, and 70%-solids black 
liquor. It is used on furnaces requiring ratio or cascade 
control of Bunker “C”’ fuel flow. 

The inductance-bridge transmitter makes it possible to 
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6 .. MINNEAPOLIS-HONEYWELL area-type 
electric flowmeter for viscous fuels. 


mount the recording-integrating instrument remotely on a 
panel, or with a second indicating controller actuated by 
the same transmitter and located close to the point of 
measurement. 

Area-meter bodies are made for operation at 250 and 
600 psig, at temperatures up to 600 F, and can be fur- 
nished with a cooling chamber section or low-pressure 
steam heating jackets. Flow is up to 30 gpm. 

Accuracy of measuring depends on the conditions of 
installation and the fluids handled. However, this instru- 
ment is calibrated to 1% bv the factory before shipment. 
Area meter coefficients are known to be about 2%; tem- 
perature and gravity effects are well known Viscosity 
changes, however, are normally relatively minor. For exam- 
ple, a change in viscosity frem 160 to 250 SSU—without 
change in temperature or gravitvy—will results in an error 
of only 0.5% on a 0.40-in. orifice sleeve and a range of 
0 to 400 gph. The same change on a 0.25-in. orifice sleeve 
and 0-200 gph range will require a correction of 14%. 


Republic Flow Meters 


Republic reports tests conducted by a customer measur- 
ing viscous fuel oils. These tests reveal that a thin orifice 
with a rounded cross-section and a small ratio has substan- 
tially reduced the measurement errors produced by vis- 
cositv change. The accuracy of such a measurement has not 
been definitely established, but it can be stated that this 
design is far superior to standard orifices and nozzles, 
which also were tested. 


REFERENCE 
“Metering Viscous Flow. Published in Instruments and Control 
Systems, p 1157. 
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From: Power 


SIGNIFICANCE OF N,; IN CENTRIFUGAL PUMPS 





I. RSgESN 


3000 6000 12,000 
Specific speed 





1. IMPELLER PROFILES for specific speeds from 1500 to 12,000: 
radial flow is shown at left; mixed flow, center; axial flow, right. 
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2. PERFORMANCE CURVES for various specific speeds show 
changes in the shapes of head-capacity-efficiency-horsepower 


curves. 
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3. SIGMA CURVE plots zones of safe and dangerous operation. 
These early charts are bases of today’s Hydraulic Institute curves, 
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The specific speed of centrifugal pumps 
tells a lot about performance-curve shape 
and suction-lift capabilities. 


H L ROSS, monager of engineering 
Pump & Compressor Dept 
Allis-Chalmers Mfg Co 

Milwaukee. 


S pecific speed of centrifugal pumps has long been con- 
sidered the pump designer's private business, but today’s 
purchasers and operators are becoming more and more 
interested in the effect of this important factor. Specific 
speed is significant in design and selection of all centrif- 
ugal pumps, but has received Icast attention in high- 
capacity low-head pumps—condenser circulators are a prime 
example. 

First let’s see how specific speed classifies centrifugal 
pumps. N, is independent of pump size, but indicates a 
gencral shape for the pump impeller. 

Of impellers shown in Fig. 1, the one on left has the 
lowest specific speed. Theoretically we could cut its 
diameter, speed it up, and proceed towards the impeller 
on the right. However, inlet diameters of all the im- 
pellers stay about the same despite increasing specific 
speed. So cutting diameters and speeding up would soon 
mean prohibitive inlet velocities. Net positive suction 
head (npsh) would be too high. For this reason centrif- 
ugal-pump impellers are designed with particular specific 
speeds in mind and the change effect of varying impeller 
diameters is slight. 

General shape of head-capacitv-efficiency curves is af- 
fected by specific speed. Fig 2 shows typical performance- 
curve shapes for three specific speeds, axial flow (N, about 
12,000), mixed flow (N, about 6000) and radial flow 
(N, about 1500). 


Low-specific-speed radial-flow pump has relatively flat 
head-capacity and horsepower curves. Usually horsepower 
is lower at zero than at rated fow—sometimes as much as 
50% lower. Efficiency curve is broad in its best range; 
that is, relatively high efficiency occurs over a wide range of 
capacities. This pump might be used for boiler-feeding, 
supplving industrial-service water or handling high-head 
waterworks duty in the upper low-specific-speed range. 


High-specific-speed axial-flow pump, on the other hand, 
has a very steep head capacity curve. Horsepower also is 
much higher at zero flow than at rated capacity—up to 
2.5 times higher—and efficiency occurs over a narrow 
capacity range. Here it would be impractical to provide 
a moter driver with sufficient power to cover zero flow. 
So special care must be taken in installation to prevent 
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Specific speed, for double-suction pumps 
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4. UPPER LIMITS of specific 
speed are shown by this Hy- 
Institute for 
clear water at 85 F at sea 
level. (Courtesy: Hydraulic 
Institute, NYC.) 
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low-capacity operation that would severely overload the 
motor driver. This pump might be a vertical wet-pit type 
for flood control, or a vertical-propeller pump for con- 
denser circulating service. 


So-called “mixed-flow” pumps lie between the high- 
ind low-specific-speed ranges. ‘These can be either hori- 
zontal or vertical, wet- or dry-pit types. They usually 
find application as sewage pumps or moderate-head con- 
denser circulators. Mixed-flow pumps overlap the specific- 
speed ranges of both low and high types, and there is no 
fine line of distinction between any of the ranges. 


Effect of specific speed on suction conditions was not 
well understood 30 years ago. Hence higher and higher 
operating speeds were tried since, of course, this permitted 
smaller, less costly pumps and motors. But some pumps 
became noisy and cavitation problems developed. Most of 
these difficulties arose because the relationship between 


specific speed and allowable suction conditions was not 


520 


200 
Total head, ft. (first stage) 


100 


clear at that time. There was no common method of 
relating these two factors. 

At this point the Hydraulic Institute, a trade association 
of pump manufacturers stepped in. As a first move all 
manufacturers pooled their information on problems 
relating to pump speed. Specific speed was plotted against 
a nondimensional coefficient called “sigma,” defined as 
npsh divided by total head. Fig 3 is typical of this 
accumulated data. A line was drawn to separate safe 
from dangerous zones. There were exceptions due to 
unusually excellent or poor design, but the idea was to 
establish a line so that a well-designed pump under good 
conditions would operate satisfactorily with a fair margin. 
From the sigma plots, the more familiar Hydraulic Insti- 
tute specific-speed charts were derived. 

Specific-speed chart, Fig 4, adapted here from the 
Hydraulic Institute Standards, covers double-suction 
pumps. It shows the relation between pump total head 
and specific speed under various suction-lift conditions. 
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A WAY TO VISUALIZE N, 


Specific speed of « centrifugal-pump is defined as the 
speed a geometrically similar pump would have to run if 
designed to deliver one gpm against a total head of one 
ft. Its formula is 


NVQ 
is 


where: Q = gpm pumped 
N = pump speed, rpm 
H = total head, ft 

To visualize this, picture a pump reduced in size until 
it delivers a flow of one gpm against a total head of one ft 

Remember the fundamental rules of centrifugal-pump 
hydraulics: capacity change is directly proportional to speed 
change, and head change is directly proportional to the 
square of speed change 

Now let’s take a pump and shrink it down to get its 
specific speed. Assume a pump rated at 4000 gpm, 100-ft 
total head and 1200 rpm. First we slow it down until it 
produces only 1-ft total head. We must reduce speed by 
the square root of the head which means a cut to 1/10 of 
1200 or 120 rpm. Capacity, too, will go down, to 1/10 
of 4000 or 400 gpm 

But we have not yet changed the size of the impeller— 
merely slowed it down. Now shrink the impeller but 
maintain its proportions To reduce capacity to one gpm 
and still pump against the 1-ft total head, keep all 
velocities the same. So reduce all areas down to 1/400 
and all dimensions down to 1/20. However, if we reduce 
the impeller diameter to 1/20 of its former size but still 
maintain the same peripheral velocity, to get the 1-ft total 
head we must run it 20 times as fast 

We now have one gpm at 1-ft total head and 2400 rpm 
This 2400 is the specific speed of the pump we started 
out with. 

As a check, take the original pump-design conditions, 
substitute them in the centrifugal-pump  specific-speed 
formula and see if we get the same answer: 


1200 ¥ 4000_ 
100°” 


N, = 


1200 x 63.2 
N, = 316 = 2400 
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HOW N, WORKS 


An example shows how this Hydraulic Institute curve 
is used. 

Example . . . A double-suction condenser circulator 
for 20,000 gpm at a total head of 60 ft is to have a 
15-ft lift. From the Hydraulic Institute curve, maximum 
specific speed for these conditions is 4300. Then, sub- 
stituting in the specific-speed formula: 


N, X H** 
VQ 
4300 x (60)3/4 


= 660 rpm 
v¥ 20,000 


Select a motor speed that does not exceed 660 rpm. 
The next-lower full-load induction-motor speed is 585 
rpm. But a less expensive pump and motor would be onc 
that could run at the next higher full-load induction-motor 
speed of 700 rpm. The specific speed of such a pump 
would be: 


700 ¥20,000 _ 
(60)3/4 


4560 


Maximum suction lift for a pump with a specific speed 
of 4560 at 60-ft total head is 13 ft. If the pump setting 
can be lowered by 2 ft, the less expensive arrangement can 
be used. @ 


Similar specific-speed-limitation curves are published by 
the Hydraulic Institute for all centrifugal pump types— 
single and double suction, mixed and axial flow. Special 
maximum-suction-lift curves cover hot-water, boiler-feed 
and condensate pumps. 

Hydraulic Institute specific-speed curves are widely 
accepted by manufacturers, users and consulting engineers. 
Thev’re revised from time to time to reflect advances in 
pump design. Most manufacturers will not recommend 
pumps for operating conditions that exceed these limita- 
tions, and in general, both users and consulting enginecrs 
specify that pump speeds shall not exceed those recom- 
mended by the Institute. This practice has greatly im- 
proved pump operation, reduced incidence of noise and 
pump damage due to cavitation. Continued and wider 
use of the standards will go a long way toward reducing 
operating difficulties and lengthening pump life through 
eliminating cavitation, the greatest enemy of centrifugal 
pumping equipment. 


WANT MORE INFORMATION? 


Standards of the Hydraulic Institute include centrifugal, 
rotary and reciprocating pumps. Within each classifica- 
tion, sections cover nomenclature, hydraulic standards, test 
methods and installation and operating hints. Copies may 
be purchased from the Hydraulic Institute, 122 E 42nd St, 
New York 17. 


REFERENCE: 


“Use N, to Pick the Right Centrifugal Pump,” H. L. Ross, man 
ager Centrifugal Pump Dept, Allis-Chalmers Manufacturing Co, 
Milwaukee. Published in Power, Aug "60, p 5. 
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HOW MUCH COMPRESSED AIR? 


Nomograph gives relation of pressure drop, flow time, volume 
and tank capacity for peak demand of air-operated devices. 


F CAPLAN, senior engineer 
Kaiser Engineers 
Oakland, Calif. 


This chart provides quick answers when sudden- 
demand requirements of compressed-air-operated de- 
vices raise the question of what capacity the air-sup- 
ply container or receiver should have. 


Typical problem 


Suppose the total consumption of a group of in- 
struments suddenly rises to 30 cfm. Find the volume 
of the compressed-air supply-tank required to permit 
this consumption rate for 20 min. with an initial 


pressure of 110 psi and an allowable minimum of 
60 psi to ensure efficient operation. 


Solution 


Align time, 20 min., with average flow rate, 3 cfm, 
and continue to pivot line. A secant from this point 
on pivot line through allowable pressure drop of 
110 — 60 = 50 psi cuts the center scale at 176 cu. ft. 
This is the volume required to avoid any loss of effi- 
ciency during maximum air demand. 





Pivot line 








Air - receiver volume,cu.f?. 


1.7 


~ 
o 
oO 


‘ 


Flow time,min. 


@ 
oO 


ao 
o oO 


Ctm (std conditions) average airflow during time t 
Allowable pressure drop in receiver, psi 


30 
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From: Power 


HYDRAULIC AND PNEUMATIC EQUIPMENT 


‘POINT SYSTEM’ STREAMLINES 


PIPE-SIZE ESTIMATES 


Most methods of calculating pipe friction losses are complicated, 


involving large charts and nomographs or complex formulas. But 


the point system—merely a summation of whole numbers—is 


easy to use, yet highly accurate. 


FF or approximate friction-loss calcu- 
lations in piping systems, you can’t 
beat the “points’’ method. It’s easy 
to use—no tables or charts to spread 
out—and amazingly accurate. Theo- 
retical bases are normal pipe-friction 
formulas solved logarithmically. 

Basic equation: Pipe diameter 
flow + length + pressure drop + in- 
itial pressure + temperature. The 
formula can, of course, be rearranged 
to solve for any unknown as long as 
you know the other values. 

Examples (see box) cover steam and 
water, but points are valid for other 
gases and liquids so long as turbulent 
flow is known to exist. In figuring 
gross pipe length, be sure to add 
straight-run lengths to centerline in 
tersections, not face-to-face on fittings 
List of fittings, on next page, is pur 
posely meager—published fitting-fri 
tion data vary so widely that for esti 
mating purposes you need only be 
relatively close. For fittings not shown, 
interpolate by using vour own good 


text continued, next page 


Temperature points 


Steam* or gas, Air, 

Points F °F 
4 25 

0 280 

200 470 

400 700 

600 1000 

800 1400 

1000 1900 


* For 80% dry steam, substract one point from the 
temperature points-value shown. 
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e Find correct pipe size to handle 15,- 
000 Ib per hr of steam at 185 psig, 650 
I’, for a pressure drop of 8 psi through 
a 200-ft run with seven 90° 1-r bends, 
two gate valves 


Pipe-length equivalent for fittings is 
then 
7 90° |-r elbows 

20 = 140 diameters 
2 gate valves (2 x 

10) = 20 diameters 
Start of pip« 50 diameters 


otal = 210 diameters 


\s a start assume a 6-in. pipe, so 210 
diameters gives 105 additional feet 
Total length of pipe is then 305 ft 

Now add points for all factors 
Steam flow, 15,000 Ib per hr... 
Gross pipe length, 305 ft 
Pressure drop, 8 psi 
Pressure, 185 psig. . 


Temperature, 650 I 


Required pipe ID, 4.62 in 








i STEAM AND WATER-PIPING PROBLEMS 


But 210 diameters of 4.62-in. pipe 
is 97.0 ft—not the 105 ft used. How 
ever, the points value for 297-ft gross 
pipe length is still 25, so you don’t have 
to revise the calculation. Required pipe 


size, therefore: 5 in 


e Find correct pipe size to handle 600 
gpm of water flowing through three 
miles of straight pipe with a limiting 
pressure drop of 60 psi. First convert 
gpm to lb per hr (600 gpm x 8.33 Ib 
per gal. x 60 min. = 300,000 Ib per 


hr 


Now add up points for all factors 
Water flow, 300,000 Ib per hr 90 
Gross pipe length, 15,840 ft 42 
Pressure drop, 60 psi 12 
Water correction factor —2 


Required pipe ID, 8.02 in 142 


l'aking into account pipe-wall thick 
ness, you will probably need to use 10 
in. pipe unless you can raise the 60-psi 
pressure-drop limit slightly 








Saturation pressures for various 
steam temperatures 


Temp, °F Pressure 
100 28 .06-in. Hg 
200 6. 46-in. Hg 
300 52.3 psig 
400 233 _~—s psig 
500 666 psig 
600 1529 i psig 
700 3079 _~—s ppssig 


Allowance for pipe and fittings 


(equivalent length in diameters) 


90° I-r elbow 

90° std elbow 
Gate valve, open 
Globe valve, open 
Tilting-disk check 
Start of pipe 

180° return 











HYDRAULIC AND PNEUMATIC EQUIPMENT 


THE POINT VALUES FOR FACTORS GOVERNING PIPE SIZE YOU NEED* 





Pipe 
Flow, length, 


Points ib per hr ft 


Pressure 
drop, 
psi 


Pressure 
or 
vacuum 


Flow, « 
Points Ib per hr 





1 
1 
1 
2 
2 
3 
3 
5 
6 


CONOWUAWNH—O 


7 
10 
12 
15 
20 
25 
31 
39 
50 
63 
79 

100 
126 
159 
200 


ee ee 
@OnNOUAWNH — 


° 3 
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nN 
oO 
ona~-—-@o—-OovoOco 


NR 
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251 
316 
398 
501 
631 
794 
1000 
1260 
1590 
2000 
2510 
3160 
3980 
5010 
6310 
7940 
10,000 
12,600 
15,900 
20,000 
25,100 
31,600 
39,800 
50,100 
63,100 
79,400 
100,000 


oeooooocococoooocoocoooooo0o —$]—$—-nNnww 
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3160 
3550 
3980 
4470 
5010 
5620 
6310 
7080 
7940 
8910 
10,000 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Press., psig 
2960 
2430 
1980 
1590 
1290 
1030 

822 
657 
523 
415 
327 
256 
202 
158 
122 
94 
72 
54 
40 
28 
19 
12 
7 

2 
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11,200 
12,600 
14,100 
15,900 
17,800 
20,000 
22,400 
25,100 
28 , 200 
31,600 


eooocoooooco 


35,500 
39,800 
44,700 
50,100 
56,200 
63,100 
70,800 
79,400 
89,100 
100 ,000 


o—-@mMvoeoawuw 


Vac, in. Hg 
1.8 
7.73 
12.23 
15.83 
18.75 
21.08 
22.93 
24.38 
25.55 
26 46 
27.18 
27.77 
28.22 
28 58 
28.88 
29.11 
29.29 
29.44 
29.55 
29.65 
29.72 
29.78 
29.82 
29.86 
29.89 
29.91 
29.93 


112,000 
126,000 
141,000 
159,000 
178,000 
200 ,000 
224,000 
251,000 
282,000 
316,000 


355,000 
398,000 
447,000 
501,000 
562,000 
631,000 
708,000 
794,000 
891,000 
1,000,000 
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Pipe dia, 


116 
121 
127 
133 
139 
146 
153 
161 
168 
176 
184 


193 
202 
211 
221 
231 
242 
254 


Pipe ID, 
in. 


Points Points 





101 
102 
103 
104 
105 
106 
107 
108 
109 
110 


141 
142 
143 
144 
145 
146 
147 
148 
149 
150 


66 
02 
.40 
.80 
21 
65 


W1 
112 
113 
114 
115 
116 
117 
118 
119 
120 


151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


NNNNNNRR AR — 
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161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


ee eR eWWWW WW 


171 
172 
173 
174 
175 
176 
177 
178 
179 
180 


131 
132 
133 
134 
135 
136 
137 
138 
139 
140 





NOOQORUUUUEA 
N—-=—-KDeRNOUOY 


* “Points” are based on friction co- 
efficient of 0.025. When actual co- 
efficient is known, correct the pressure 
drop by ratio of coefficients. Where 
pressure drop is the unknown, calculate 
it, using tabulated points values. Cor- 
rect the answer by ratio of coefficients. 

For water, omit factors for tempera- 
ture and pressure and subtract two 
points. 











judgment. Usually vou will come 
close if you use the nearest whole- 
point value rather than something in 
between. Exception: If you are meas- 
uring similar piping systems, one 
against the other, interpolating point 
values gives a better comparison. 
Limitations to the points method 
must be watched. The method be- 
comes increasingly inaccurate as lam- 
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inar flow—Reynolds numbers below 
about 2300—are approached. So the 
points system won't hold up well for 
calculating pipe sizes of lube-oil svs- 
tems. In gas-flow calculations, it loses 
accuracy as pressure drops become 
large since gas density at the end of 
the line will be appreciably different 
from the beginning. As a general rule, 
don’t use the points method for gas 


flows when pressure drop exceeds 25% 
of initial pressure. 

Use it with good judgment and 
the points method of calculating pipe 
size or pressure drop can save many 
tedious hours—especially during the 
estimating stages of a design. 
REFERENCE: 

“*Point System’ Streamlines Pipe-size 
Estimates,” Power, Mar 61, p 70. 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


From: Manufacturer's booklet 


how to specify ... 


PIPE, TUBING AND HOSE SIZES 


Avoid confusion—this simple dash-numbering system is for all 


rigid pipes, thin-wall tubes, medium- and low-pressure hoses 


... and also their adapters and threads. 


As an increasing number of enginecrs specify some type 
of fluid-line piping, there are growing problems caused by 
a lack of understanding of the methods of measuring 
pipe, tubing and hose. Result is confusion, lost time, poor 
flow patterns, improper mating of lines, and other costly 
consequences. 

The problem of adapting from one style of piping to 
another can be reduced if the methods of identifying and 
measuring piping materials and components are under- 
stood. This article describes these methods and relates 
them to the use of hose, fittings and adapters. 


MEASURING PIPE 


The inside diameter is the basis of measurement for 
commercial pipe. However, the inside diameter will vary 
depending on strength of the pipe. 

A standard-weight 4-in. pipe will have about 4-in. inside 
diameter, but a heavyweight or cxtra-strong 4-in. pipe has a 
smaller ID. The outside diameter must always stay the 
same size for for threading. A 4-in extra-strong pipe will, 
then, have the same OD as the standard-weight }-in. 
pipe, but will have a smaller ID. 

Since pipe OD must remain the same size regardless 
of its weight, a 4-in. pipe-thread would then be the same 
for both standard pipe and heavy pipe. This standard 
makes it possible to thread pipe with the same die re- 
gardless of pipe weight or strength. 

Standard pipe sizes. Pipe sizes are measured in {-in. in- 
crements up to the 4-in. size and in }-in. increments above 
the 4-in. size. 


MEASURING TUBING 


Tubing has a thin wall compared to pipe, and is usu- 
ally measured by the OD. Two exceptions are on naval 
piping, where tubing is based on standard pipe OD, and 
in refrigeration systems, where tubing is based on standard 
ID dimensions. 

Tubing is sometimes called pipe, but it is used differ- 
ently. Since the wall sections of tubing are thin, other 
methods than threading are needed to connect the tubing 
into systems. 

Tubing is either flared and attached with swivel nuts, 
brazed or welded; or connected with flareless fittings. 
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a1... FLARED END of rigid tubing holds tube nut in place. 





Tube nut 




















wew 








Rigid tube 
— Tubing flore 








— 
2... PIPE ADAPTER end mates with tube flare, creates efficient 
seal. 





To use all these methods of connecting tubing, the 
tube must have a standard OD, or it will not fit into the 
various types of fittings. 

Standard tube sizes. Tube OD is measured in ¥s-in. in- 
crements up to 2-in. size; 4-in. increments from 4 to 3-in; 
and }-in. increments above 3 in. 

Rigid tubing is made in various types of materials, such 
as copper, steel, aluminum and brass. For our reference, 
we will refer to copper tube, which complies with indus- 
trial, automotive, machine tool, and aircraft standards. 

This tubing varies in size from #s-in. OD to 3-in. OD. 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 





Accessory — 
boss 

















. FEMALE PIPE-THREAD in accessory boss. 











Seal tokes ploce a 


























S .. TAPERED THREAD on adapter provides sealing action when 
adapter is tightened in accessory. 





Standardization has reduced the variety of sizes in use 
before World War II; Table 1 shows today’s standard 
rigid-tube sizes. 


RIGID-TUBE DASH-NUMBERING SYSTEM 


The sizes of typical single wire-braid hose and fittings 
(medium pressure) are also based on rigid-tube OD. 
These sizes are expressed by dash numbers (—4, —10, 
etc.), which are equal to the OD tube size in 16ths of 
an inch. For example, }-in. OD, or 4/16, is called dash 
+ (—4) size. 

Tubing ID depends on wall thickness. Wall thickness 
is dependent on the operating pressure. A ? 
common for small-size tubing. 


»-in. wall is 


ADAPTERS 


Rigid tubing is normally fitted with a tube nut, and 
the tubing is then flared, Fig 1. 

Standards have been established to fix the size of the 
union nut thread and the nut envelope sizes for each cor- 
responding rigid-tube dash size. These standards are 
known as AN, JIC, SAE and PTT. Standard rigid-tube 


flare-nuts are identified by the same dash sizes which cor- 
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A 
; 
4 





Mole flare end 











4..WMALE THREAD on adapter-end fits into accessory boss. 


respond to the mating rigid tube. For example, a —4 rigid 
tube requires a —4 flare nut. 

To connect a rigid tube into an accessory, an adapter 
is required. The adapter forms half the union joint and 
mates with the rigid-tube nut and the flare on the end 
of the rigid tube, Fig 2. 

This illustration shows that the end of the adapter that 
seals or mates with the rigid-tube flare can be identified 
by the same dash size as the rigid tube. 

All mating rigid-tube connections are now identified 
by the same rigid-tube dash size. This includes the tube, 
the nut, and the male flare-end of the adapter. 

The adapter ID is the same size as the rigid tube ID. 
This allows free, unobstructed flow of fluids. 


DASH SIZES FOR PIPE THREADS 


Machining male flare-ends on castings of pumps, valves, 
etc, is not possible in some cases and not practical in 
others. For this reason, many accessories are made with 
female pipe-thread bosses, Fig 3. 

An adapter union must be installed in the accessory 
before a rigid-tube line or a swivel-nut hose-line can be 
connected. The adapter can be either a straight-fitting 
or an elbow type. This adapter provides half the union 
connection. It also mates to provide a leakproof seal be- 
tween the rigid tube or hose fitting. 


6 .. TYPICAL DOUBLE-DASH system number. 


Adapter 2% 
(mfr's type no) —__ 2-4 


’g"in. pipe dash-size 


Yar in rigid- 
tube dash-size 


Adopter 
(mfr's type no.) 


= ¥g- in. rigid- 
I . oe mecheies 


yin pipe dash-size 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 








Desh 4 pipe 40/-6 sub ossembly 


200/-4-6 adopter 
/§03-6 hose 


Dash 6 tubing 4402-6 sub assembly 








Dosh 2 rigid pipe 4739-4 hose 
fitting 


200!-2-4 adapter 


/525-4 low pressure 
hose 


Dash 4 rigid tube 4742-4 hose A sig 
d oe 


TS ~ 























| 8 


7... TWO-TYPICAL ASSEMBLIES and their dash numbers for pipe, 
tubing and (A) medium-pressure hose (B) low-pressure hose. 








On the opposite end of the adapter, a male pipe-thread 
is employed. This fits into the female pipe-thread of the 
accessory, Fig +. Pipe threads are tapered. A seal takes 
place in the threads when the male pipe is tightened into 
the female thread, Fig 5. 

Pipe-thread sizes are identified by dash sizes expressed 
in 16ths of an inch. This system is the same as that used 
for measuring rigid tubing. 

A certain pipe-thread size is standard for each OD tube 
dash size, as shown in Table 2. These combinations apply 
to SAE, AN, JIC and PTT standards. 

You will see in this chart that pipe-thread dash num- 
bers under j-in. pipe size do not correspond with the 
same OD tube dash size. For sizes j-in. and larger, both 
the pipe and the tubing will have the same dash size. 

For example: OD tube size —4 is equal to pipe size —2, 
but OD tube size —16 is the same as pipe size —16. 

When an adapter has a pipe thread on one end and a 
male flare connection on the opposite end, it is identified 
by a double dash number. This system also permits easy 
identification of jump size parts. Fig 6 shows how two 
typical specification numbers are made up. 


HOSE FITTINGS 


The rigid-tube dash sizes form the basis for the dash 
sizes used to identify typical medium- and low-pressure 
hoses and fittings. 
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I—DASH SIZES FOR STANDARD RIGID TUBING 





S 


Oash Size 
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1l—PIPE-THREADED SIZES 





Rigid-tube Pipe-thread 


dash size 


Pipe-thread 


dash size size, in. 














Standard —4 hose fittings with pipe-thread ends have 
a —2 or 4-in. pipe thread. The fitting is identified by 
the double dash number: 412-2-4. In such a situation, 
the first dash number always indicates the pipe thread 
size, and the last indicates the hose size. A —12 hose 
fitting will have a —12 or 3-in. pipe thread, but is still 
identified by a double dash number. Example: 41 2-12-12. 

A jump-size fitting is also identified by a double dash 
size. One dash number determines the pipe-thread size, 
and the other refers to the OD tube size or hose size. 
For example: 412-12-16 is a 412 (typical maker's part 
number) fitting with a 3-in. pipe thread and a l-in. OD 
tube size. The number 41 2-4-4 also is known as a jump 
size, because it refers to a }-in. pipe thread and a }-in. OD 
tube size. This is called a jump size because the standard 


pipe size to correspond with }-in. OD tube size would 


have to be —2, (see Table 2) 

Typical medium- and low-pressure hose fittings with 
pipe-thread ends, swivel-nut ends, rigid tubing, and mak 
flare-ends of adapters all have the same corresponding dash 
number, as shown in Fig 6, 7 and 8. This shows how it 
is possible to go from pipe to hose to tubing to adapters 
in a piping system and use the same dash numbers. 


REFERENCE 
“How to Measure and Relate Pipe, Tubing and Hose Sizes,” 


published by Aeroquip Corp, Jackson, Mich. 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


PIPING: TYPICAL SUPPORTS, 
EXPANSION JOINTS AND FITTINGS 


Pi hangers of many types are 
available to control movement and 
support the weight of piping systems. 
Pipes may hang from the ceiling or be 
supported from walls or floor. 


SUPPORTS 


Rigid hangers can be fastened to 
overhead beams (1A) or be embedded 
in concrete (1B); if axial movement 
must be allowed, they can incorporate 
rollers. In tunnels, pipe is normally 
supported from the floor or hung on 
wall brackets. 

Where dimensional changes caused 
by temperature variations occur in 
1 piping system, spring-tvpe hangers 
combine controlled travel with load 
support. The load-carrying capability 
f simple spring hangers varies slightly 
throughout travel. Where necessary, 
use constant-support 
Ihese have compensating springs or 


hangers (2). 


ire arranged geometrically so spring 
travel varies with pipe travel to ensure 
constant support. 

\ new type of hanger (3B) now 
ivailable actually positions the piping 


system to agree with thermal expan- 
sion and relieve loads otherwise im- 
posed on connected equipment. Slight 
motion in a related but remote part 
of system is sensed and actuates a 
motor which, through a_ reduction- 
gear-and-screw arrangement, moves 
pipe and restores proper position at 
control point. 

Stresses imposed on piping systems 
and connected equipment by thermal 
changes can be surprisingly high. It 
is not uncommon for the strains pro- 
duced in a poorly designed system to 
actually lift heavy equipment off its 
foundations. Be sure to consider all 
conditions the system may have to 
handle when you design pipe sup- 
ports. 


EXPANSION JOINTS 


Expansicn joints give a system flexi- 
bility by permitting relative motion 
between pipe sections. ‘They com- 
pensate for changes in dimension due 
to temperature variation or permissi- 
ble motion of connected equipment. 
Being flexible, they can isolate vibra- 


tion and, when used underground, can 
allow for ground settling or strains of 
trafhe loading. Most joint types per- 
mit considerable axial movement 
(along line of pipe) and some angular 
misalignment. 

Bellows-tvpe expansion joints (4) 
are for low and intermediate pressures. 
They are pipe sections made of a duc- 
tile material such as rubber or stainless 
steel that permits repeated flexing 
without fatigue failure. Both axial 
and angular movement are allowable. 
l’or satisfactory service at higher pres- 
sures, the bellows can be reinforced 
with special bands to control radial 
expansion. 

Sleeve-tvpe expansion joints (5) are 
used on plain-end pipe, provide almost 
infinite axial movement and some an- 
gular misalignment. They can also 
connect pipes with different diameters. 
For field repairs, broken pipe sections 
can be cut out and a replacement 
piece installed using two sleeve-type 
couplings; remainder of the pipe need 
not be disturbed. 

Ball-type joints (6) allow for angular 





End connections 


Screwed 


Flanged 
(flat face) 


Flanged 
(raised face) 


Weld end 
Socket weld 
Bell and spigot 


Sweat on 


Compression 
tubing 


Sleeve 





Materials 


90-deg elbow 
45-deg elbow 


Wrought iron 
Brass, bronze 
Aluminum 





@ | Cast iron 


Street elbow 


Fittings 


Reducer 
(concentric) 
Reducer 
(eccentric) 
180-deg turn 
Adapter 


4 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


TYPICAL PIPE SUPPORTS AND EXPANSION JOINTS IN USE TODAY 


1 ++ RIGID HANGERS are supported from 
I-b or imbedded in concrete ceilings. 





4° BELLOWS EXPANSION JOINT can be 
braced for higher operating pressure. 


movement only, but you can set up 
two of them with a short intermediate 
section of pipe at 90° to permit axial 
movement. Since the ball-type joints 
can be all-steel, they are suitable for 
somewhat higher pressures and tem- 
peratures than bellows or sleeve types. 


FITTINGS 


Pipe joints and fittings may easily be 
the most important part of a piping 
system. Analyze needs carefully and 
then be sure to select the best design 
and material for the job—otherwise 
joints and fittings can cause real oper- 
ating headaches and high maintenance 
costs. 

The variety of joints and fittings 
available to designers today is impos- 
ing. A few of the more common 
types and materials thev’re made of 
are shown below. Within each gen- 
eral classification are many “specials” 
you should check for suitability. For 
example, only two flange types are 
shown, but actually there are many 
variations: examples are screwed-on 
flanges, slip flanges welded on and 
VanStoned flanges held by a lap in 
the pipe end. 

Six methods of pipe joining cover 
most energy-system applications. Va- 
riations are available, largely governed 
by materials and services they'll have 
to handle. 


2° +* CONSTANT-SUPPORT HANGERS pull 
evenly by geometry or secondary springs. 











5+ SLIP-TYPE EXPANSION JOINT is self- 
sealing, provides some angular movement. 


Screwed connections, most common 
in small low- and moderate-pressure 
lines, are convenient for field assem- 
bly. Threads are cut on a taper to 
ensure tightness, and a sealing com- 
pound provides lubrication and _pre- 
vents rusting to case disassembly 


Flanges are fastened to pipe in three 
Thev can be: cast inte- 
grally with the pipe; fabricated sepa- 
rately and screwed or welded on; en- 
tirely separate, bearing on laps formed 
or welded at the pipe ends. There are 
also some special methods, such as Vic- 
taulic couplings, which bear on special 
seals and are fixed by grooves in the 


basic ways. 


pipe ends. 

Integral flanges are usually limited 
to cast iron and forged steel pipe. 
Screwed-on flanges are popular be- 
cause thev simplify field erection. Pipe 
can be cut to suit, threaded, and 
flanges screwed on to match adjacent 
bolt holes in connected equipment. 
Loose flanges bearing on formed or 
lapped pipe ends are suitable for 
higher operating pressures and tem- 
peratures than screwed flanges. 


Welding sees service at very high 
temperatures and pressures where cost 
of flanges is prohibitive—if tightness 
is required under all operating condi 
tions. Exceptions are cases where fre- 
quent disassembly is necessary. Weld- 
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Geor mofor 


3 « « SPRING HANGERS allow vertical move- 
ment. Pipe positioner (B) has no springs. 





6**BALL JOINTS IN SERIES can be used 
instead of pipe loops for moderate pressure. 


end, socket-weld or a combination of 
both is versatile. Increased use of 
shop-fabricated pipe reduces number 
of fittings and joints to be made up 
in the field 


Compression fittings are used with 
tubing—copper, brass and steel. Sev- 
eral tvpes are made either with a 
flared tube end or a wedge-shape piece 
to deform tubing and seal the joint. 


Soldered fittings are useful with cop- 
per and brass pipe and tubing. They 
are sweated on and can be provided 
with solder already tinned in. Several 
types of solder are on the market; 
which one is best for any specific job 
will depend on the temperatures and 


pressures involved 


Bell and spigot joints are suitable 
for cast-iron, concrete and tile pipe. 
Thev are somewhat flexible, and un- 
derground they'll conform to normal 
ground settling. Most 
packed with jute and lead for water- 
supply and Special 
high-strength 
handle higher pressures. Standards ot 
different associations vary only in the 


joints are 


sanitarv lines 


sealing arrangements 


grooving of the bells. 


REFERENCI 
“Piping,” by T. W. EDWARDS. Pub- 


lished in Power, June ’60, p 61. 
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From: Company Bulletin 


VISCOSITY CONVERSION CHART 


Six scales from three countries give equivalent viscosity 
ratings at same temperature. 


This international lineup includes Kinematic SUS Kinematic 
five viscosity-measuring systems based F 32 Engler 2 
) gS} 2 

on the time for a certain quantity of 
oil to pass through an orifice. ‘Two 
are from the United States—Saybolt 
Universal; and Saybolt Furol, which is 
for higher viscosity petroleum prod- 
ucts such as heavy fuel oil. From 
Great Britain come Redwood No. 2, 
which tests fuel oils for the British 
Navy, and Redwood No. 1. Germany 
and other countries in Europe use the 
Engler method. 

Kinematic viscosity, usually found 
with a capillary viscometer, is n/p, ab- 
solute viscosity divided by density. In 
English units it is expressed in stokes 
or centistokes (one-hundredth of a 
stoke). Absolute visocsity » = shear 
stress/rate of shear, which in metric 
units is the familiar poise, but in Eng- 
lish units is the reyn. 

A caution: Conversions are equiy- 
alent only at the same temperatures. 
‘To extrapolate into higher ranges on 
the kinematic, Savbolt Universal, Red- 
wood No. 1 and Engler scales, use 
simple proportions. For example: 
1500 centistokes = 10 x 150 centi- 
stokes 10 x 695 Saybolt Universal 
Seconds = 6950 Saybolt Universal 
Seconds. 
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REFERENCE: 

“Viscosity,”” published in Lubrication, 
Feb '61, by Texaco Inc, 135 E 42nd 
St, NY 17. 
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PUMPING SUB-ZERO FLUIDS 


Present-day lubricants and hydrau- 
lic fluids for high-performance aircraft 
are required to operate over increas- 
ingly wider ranges of temperature. Ex- 
tension of the upper temperature 
limit, which is imperative for opera- 
tion of these vehicles, causes a severe 
problem in maintaining low-tempera- 
ture capablities of fluids. This paper 
presents the results of a program con- 
ducted to investigate the initial pump- 
ability characteristics of a group of 
fluids at subzero temperatures. The 
tests were specifically designed to pro- 
vide data concerning fluid character- 
istics after long soak periods at sub- 
zcro conditions. The investigation was 
confined to a study of initial flow 
characteristics and torque require- 
ments rather than a study of equilib- 
rium flow conditions. Esters, silicones, 
silanes, and mineral oils were included 
in this program. 

“Low Temperature Pumpability of Experimental 
Lubricating Fluids,” L. R. Drane, USAF; Ver- 
nice Hopkins, Midwest Research ‘nstitute. 


American Society of Mechanical Engineers, 61- 
LUBS-10, 29 W 39th St, NY 18. 


” 


Analyzing pneumatic circuits 


The general analysis of pneumatic 
system is made without regard to the 
actual sequence of the components in 
the circuit. However, the flow factors 
are combined to provide the lowest 
maximum flow conditions expected 
at the critical pressure loss. Other 
flow sequences through the same com- 
ponents may permit maximum flow 
rates up to ten per cent higher than 
calculated. ‘This is explained easiest 
with a graphical analvsis of the system 
“Analyzing Pneumatic Circuits—It’s an Art”, 
C. Riske, Senior Engineer, Hannifin Company. 
National Conference on Industrial Hydraulics, 
Technology Center, Chicago 16, Ill. 


Controlled-leakage seals 
Controlled-leakage pump seals were 

developed about ten years ago to 

meet special problems in closed cy- 
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cles of high-pressure boiler-feed-pump 
stuffing boxes and_boiler-circulating 
pumps. In high-pressure feed pumps, 
pressures and temperatures vary widely 
with changing station loads, so life of 
normally packed stuffing boxes was fat 
from satisfactory. Constant mainte- 
nance—gland adjustment and packing 
replacement—resulted. In boiler-circu- 
lating pumps the temperatures and 
pressures normally encountered often 
preclude packing of any sort. Today, 
controlled-leakage seals have broad- 
ened their applications, also taking in 
high-speed boiler-feed pumps at 5000 
to 9000 rpm where packing’s rubbing 
speeds would be prohibitively high, 
and some open-cvcle boiler-feed-pump 
applications. 

“Controlled-leakage Seal . . . One Answer to 
High-pressure Stuffing-box Problems,” T. W. 


Edwards, Assistant Editor. Power, Nov 1960, 
330 W 42 St, New York 36. 


Hydraulic stepless transmissions 


Hydraulic variable-speed units are 
generally more versatile, but initially 
more expensive than their mechanical 
counterparts, but this may be offset 
by reduced maintenance and replace- 
ment costs. They are resilient to shock 
loadings, frequent changes of speed, 
or reversals of shaft rotation and to 
stalling when it is expected. The units 
are usually of the group whose charac- 
teristics are a combination of variable 
and speed, the input 
a constant speed with 


output torque 
being normally 
variable torque up to the maximum 

The over-all efficiencies of these hv- 
draulic units are high, and the ratios 
obtainable are in general between zero 
and 1:1. By virtue of the fluid used, 
thev are self-lubricating, and any cool- 
ing needed to dissipate the heat gen- 
crated is inherent in the design of the 
unit. Some types incorporate a me- 
chanical or hydraulic lock at the top 
ratio of 1:1, so that the drive is direct 
and slip negligible. 

The hydraulic drive is basically a 
combination of pump and motor built 
into one compact unit, although for 
certain applications two individual 


LP REE GOR gD Swe +e 


ee a 
Sa 


units interconnected by pipelines may 
be used. Both pumps and motors are 
either constant displacement or vari- 
able displacement units. In constant 
displacement types the volume of fluid 
displace during one revolution is al- 
ways constant, except for a_ small 
“slip” loss varying with the pressure; 
thus the output of the pump is directly 
proportional to the speed. In the case 
of the constant displacement motor, 
the speed is directly proportional to 
the inflow. Typical examples of the 
positive displacement pumps used 1 

hydraulic machinery are the vane, gear, 
radial and axial piston types. 

For increased flexibility required 
many applications it may be advantage- 
ous to use a separate pump and 
motor which enables the designer to 
consider each unit individually and 
match them according to the over-all 
design problem. With this system, 
additional losses will be incurred from 
the pipe system and the various valves 
incorporated. 


“Hydraulic Stepless Transmissions,” by W. E. 


Locke, Engineering Materials and Design, 


Drury House, Russell Street, London, England, 


June 1960. 


Hygrometers for telemetering 
In conjunction with an Air Force 
Missile Contract, 
made to determine the most appro- 
priate hygrometer type for telemeter- 


an Investigation was 


ing application. The results of the 
study and the procedures for evaluat- 
ing several commercially wailable 


sensors are pres¢ nted 


“Evaluation of Hygrometers for Telemetering,” 
by Lewis E. Hollander, Jr, David S. Mills and 
Thomas A. Perls, Lockheed Missiles and Space 
Division, Palo Alto, Calif. Published in «SA 
Journal, July 1960, p 50. 


Glass-reinforced plastic pipe 
One of the more recent and most 
promising materials for noncorrodible 
piping is plastics—and more particu- 
larly, glass-reinforced thermosetting 


continued on page »10 
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Get to the heart of your problem 
A 


with “Pump Engineering” 


Let Marlow take the pumping “headache” out 
of your design department. It’s not just a dream 
but a proved fact that a custom-engineered Marlow 
can put efficiency into your product and give you 
a definite selling advantage over your competition. 
Marlow’s Pump Engineering has dene just that for 
Original Equipment Manufacturers in many diver- 
sified industries. 

Modern, automated, manufacturing and engi- 
neering facilities enable Marlow to produce effi- 
cient, reliable, custom designed Self-Priming, 
Centrifugal, Straight Centrifugal, Diaphragm and 
Plunger Pumps...at mass production prices. 

Get in touch with us immediately. Write, wire 
or call and, in no time at all, a Marlow Field Engi- 
neer will be at your plant, ready and able to help 
you plan or design. There is no obligation and—it 
costs you nothing to find out. 


Check with Marlow ... today! 


MARLOW PUMPS 


Division of Bell & Gossett Company 


MIDLAND PARK, NEW JERSEY 


Longview, Texas * Morton Grove, Illinois 


CUSTOM DESIGNED PUMPS SERVING INDUSTRY THE WORLD OVER 
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FREE THIS VALUABLE BOOKLET 


Fluid Power! 








euLieTin 
B-200P 


Consent 199° 
Fitch Reedy cere 


Exactly how do Boosters save space, weight, air, cut costs, 
You can use Boosters to increase efficiency, reduce maintenance? How do they pro- 
particular advantage in: vide smooth hydraulic power (up to 10,000 psi or more) from 
your shop air and maintain pressure without heat generation 
:; or additional power consumption? Exactly how and where are 

Pressing Stamping . 9 : ; ; 
Shearing Marking they now being used? The whole absorbing story is told in 
Punching Crimping color—along with full information on available models, dimen- 
Welding Blanking sional data, pricing, etc.—in this new interesting booklet 
Riveting Clamping specially prepared for busy, time-short designers, engineers, 


Crimping Bending : . 
Emboosing Molding and production men. Write today for your free copy. 


Feeding Testing 
Laminating And similar 


as MILLER FLUID POWER 


For prompt personal service, call our 
Engineering Dept. at Porter 6-3400 DIVISION OF FLICK-REEDY CORPORATION 


Bensenville, ill. Call “‘coltect,” person 7NO18 York Road, Bensenville, Illinois 
to person (at our expense). 
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0 reasons 


to specify Skinner 
SOLENOID VALVES 


TWO-WAY V5 AND X5 SERIES 
are versatile stainless steel valves, 
recognized throughout industry as 
the highest quality valve available. 
Wide selection of coils, voltages, 
porting options, housings and flow 
controls. Operating pressure dif- 
ferentials from vacuum to 3000 psi, depending on 
orifice size. Standard and Explosion Proof Construction, 


TWO- AND THREE-WAY 

5 V10, Alo, X10 SERIES are 

stainless steel, slide-type high 

pressure valves for controlling hydraulic systems with 

pressures up to 3000 psi. Typicat applications: hydraulic 

cylinders, machine tools, door openers, lift trucks, pilot 

for larger 3- and 4-way valves. Standard and Explosion 
Proof Construction, 


THREE-WAY A 
SERIES are 3-way di- 
rect-acting valves that 
x bridge the gap between 
the V5 3-way (for small 
the L 
3-way (for large cylinders) Series. They provide effi- 
cient, economical operation of medium size cylinders 
or faster operation of smaller cylinders in high speed 
applications. Typical uses: clutches, brakes, operation 
of any pressure-run mechanism. Pressure differentials 
from vacuum to 250 psi, depending on orifice size, 


cylinders) and 


THE CREST OF QUALITY 
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TWO-WAY R AND XR 
SERIES are 2-way solenoid 
piston type valves that have 
forged naval brass bodies 
and a stainless steel pre- 
cision-ground piston to open 
and close the main orifice. 
Pressure differentials from 
3 5 to 1250 psi. Light and 
compact, they can be 
mounted in any position. Typical uses: machinery, 
automotive fuel systems, commercial laundry and dish- 
washing equipment, spraying, air conditioning. Standard 
and Explosion Proof Construction, 


THREE-WAY B SERIES are 
stainless steel sub-miniature three- 
way valves, the smallest on the 
market, measuring 1” diam. x 2” 
6 high. For compact product designs 
and a wide variety of applications 
in pneumatic and hydraulic control 
systems and devices. Pressure differentials to 150 psi. 


THREE-WAY L AND 

XL SERIES are dia- 

phragm type valves 

having a small orifice 

valve which acts to con- 
trol a second valve with a larger orifice through the use 
of pressure differentials. They fulfill high-flow require- 
ments of industrial and commercial applications, by 
combining large capacity with minimum sensitivity to 
media impurities. Pressure differentials from 5 to 150 
psi. Standard and Explosion Proof Construction, 


1 


FOUR-WAY V9 SERIES 
are small and compact 
direct-acting 4-way 


TWO-WAY C SERIES are high 

quality 2-way brass body shut-off 

valves. Small in size, they provide 

top performance at a low price. 

Use with highly competitive equip- 

ment—automotive fuel systems, 

oil burners, instrumentation, 

vending machines, welding equipment, humidifiers, 

dental equipment. Pressure differentials from vacuum 
to 275 psi, depending on the orifice size, 

stainless steel and brass 


internal parts provide the 


double economy of low initial cost and trouble-free 
service. The diaphragm assembly is fully supported 
in open and closed positions. Applications: automation 
equipment, water treatment, lubrication, laundry, flame 
cutting, welding, air conditioning. Pressure differen- 
tials from 5 to 150 psi. Standard and Explosion Proof 


Construction, 

rg electrical requirements. Unlimited 
applications: machine tools, in- 

strumentation, aircraft, missiles, oi! burners, vending 

and laundry equipment, dehumidifiers. Pressure differ- 

entials from vacuum to 400 psi, depending on orifice 

size. Standard and Explosion Proof Construction, 


TWO-WAY L AND XL 
SERIES are 2-way dia- 
phragm type solenoid valves 
satisfying high-flow ree 
quirements of many indus- 
trial and commercial 
products. Light and com- 
pact, these forged naval 
brass body valves with 


THREE-WAY V5 AND X5 
SERIES are the most popular and 
versatile line of stainless steel 
valves, designed so flexibly that 
the basic valve can be modified 
any arrangement of 
porting, mounting, flow-control, or 


for almost 


10 


valves, ruggedly con- 
structed to conserve installation space and reduce 
maintenance costs. Actually, V9’s are two 3-way valves 
in one housing which permit optional porting arrange- 
ments for use with single-acting and double-acting 
cylinders or for actuating larger pilot-operated valves. 
Pressure differentials from vacuum to 150 psi, dee 
pending on orifice size, 


ELZCTRIC 


VALVES 


SKINNER ELECTRIC VALVE DIVISION 


SKINNER PRECISION INDUSTRIES, INC. + NEW BRITAIN, CONNECTICUT, U.S.A. 
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DESIGN 


SAFE, DURABLE 
FLEXIBILITY INTO 
YOUR LINES with [2 


LHIKSAN 


SW Well 
YOUN TS 








Whenever you apply Chiksan swivel joints, | 


you get a line that lasts longer and reduces 
maintenance costs for years to come. 
Flexing in predetermined arcs, Chiksan 
joints eliminate common causes of line 
failure due to tight bends or torsional 
fatigue. Wherever certain designs require 
wide hose loops, Chiksan joints permit 
shorter, more compact lines. In fact, 
wherever fluid or air lines require flexibility, 
Chiksan swivel joints can provide a 
direct and lasting benefit. 

Chiksan joints are available from stock 


in a wide range of materials, temperatures 


d . t t ti ll 2 SHOCK, HIGH PRESSURE STEAM DOESN'T FAZE 
and pressures, to meet practically every THESE CHIKSAN JOINTS-—A 2000 pound dropforge with 
. . ° ? high pressure steam sets up a rough set of service conditions. 
design requirement, Write Chiksan These Chiksan swivel joints replaced flexible metal tubing which 
Was going out in two and three weeks. Joints have been in service 


Company, Brea, California, today for over five months and customer reports good service to date, 
expects years more. 


for a catalog and the name of the 
SEND FOR YOUR COPY OF THIS COMPREHENSIVE 


representative in your area. AND INFORMATIVE SWIVEL JOINT CATALOG. 
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FLEXIBLE CHEMICAL LINES? CHIKSAN HAS 
THE ANSWER-—Providing needed safety for a loading 
arm to handle sulfuric acid (as this Chiksan joint is doing) 
or most any chemical is an everyday occurrence with Chik- 
san joints. Over 2000 different types, styles and sizes in a 
variety of temperature and pressure ratings are available 
for your design needs. 


SWIVEL JOINTED JUMPER SYSTEM SOLVES 
MANIFOLD PROBLEMS-Moving large quantities of 
differing liquids from barge to storage tanks posed a prob- 
lem. A closed system wasn’t practical because of contami- 
nation due to leakage or accidental opening of a valve. 
Use of a Chiksan swivel jointed jumper system provided a 
solution that eliminated cross contamination. 








RUPTURE PROOF LINES FOR HIGH PRESSURE 
HYDROTESTING-Critical lines take on a new measure 
of safety with these flexible steel swivel joints. In service 
on a pipe testing machine, these lines receive up to 1000 
pounds of pressure and more every five seconds as lengths 
of new pipe move through the testing machine. Only occa- 
sional service is required to keep these joints in top work- 
ing condition. 





CONSTANT FLOW CHARACTERISTICS ALLOW 


PRECISE CONTROL~—Heat treating furnaces require 
exacting temperature control. Previous experience with 
flexible hose indicated too much variation in flow character- 
istics. By using swivel joints and metal piping, company 
engineers were able to design a supply line system that 
insured desired control. 


in CYL SAW. 
- COMPANY e 330 NORTH BREA BLVD., BREA, CALIFORNIA 


A SUBSIDIARY OF FOOD MACHINERY AND CHEMICAL CORPORATION 


Please send me a copy of your latest catalog. 


Company. 








Address. 





Zone. State 
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KAPSEAL 
@ TOP SEALING EFFICIENCY 


@ HIGH DENSITY # WEAR RESISTANT @ CUSTOM COMPOUNDS LONG LIFE LOW FRICTION SEALING 
INJECTION MOLDED O-RINGS 


e+«-+ give better service in any application The KAPSEAL® is a Teflon® boot which is used 
in combination with a standard O-Ring to give 
; superior sealing performance and eliminate breakout 
and have a longer service life than ordinary friction. It comes in two styles, KIN and KEX. 
O-rings because they do not have any variations in cross- KIN is used in applications when the ID of the seal 
sectional thickness. is the sealing surface, while KEX is used when the 
In addition, the higher, more uniform density of rubber OD is the sealing surface. 
makes them highly resistant to chemicals and wear due A seal of this nature was needed for applications 
to abrasion. which involved long periods of time on stand-by or 
MR O-rings can be furnished out of the economical, vet in storage, as well as applications requiring continu- 
durable industrial standard compound 366Y, or if your applica- lion non-failing operation. Tests lasting over 4 mil- 
tion requires it, Minnesota Rubber engineers will come up with a — give a good indication of the KAPSEAL's 
a customized compound that exactly fits your needs, potential, 


Minnesota Rubber injection molded O-rings always perform 
more efficiently 


QUAD-RINGS® 


£. PROTOTYPES 
by KOTOKAST _ 


/. The MR QUAD-RING — A 
gives superior sealing per- .\ — a ye t 


x \ \ 
formance in hydraulic and 


pneumatic applications, 

either static or dynamic, 

The four lipped design 

prevents the rolling effect 

found with O-rings, there- 

by eliminating the common 

spiral twist failure. This ; ; 

exclusive design features . 

four flexible sealing lips and HIGH QUALITY, ECONOMICAL 
erounve porwntts installation with PROTOTYPE RUBBER PARTS 
SEALING UNDER ¥ less squeeze, reducing fric- 
ALi CONDITIONS tion, breakout force and CLOSE TOLERANCES—Tolerances are identical with those 
@ELIMINATES “ wear. QUAD-RINGS can that will be found on standard production parts. 
at caees be made out of rubber FAST SERVICE — Usually it will take only hours from the time 
@ FOUR , compounds which exactly the order is received to produce twelve prototype parts 
FLEXIBLE SEAL- match the application. You using Prorotypes by KoroxkastT. 
aa pmcnoN can be sure of positive seal- ECONOMY—This is the most economical method of pro- 
INSTALLATION ing when you use QUAD. ducing prototype parts there 1S. 
@HIGH DENSITY @RUBBER COM. RING SEALS in all your NO LIMITATION—Prototryres by Korokast has been suc- 
INJECTION POUNDS TO FIT . alle - cessfully applied to a wide variety of designs ranging 
MOLDED APPLICATION installations. from a simple washer to intricate molded parts. 


FOR MORE INFORMATION ON, 
va WRITE 


QUAD RINGS®... KAPSEALS®. .¢ 
O-RINGS OR PROTOTYPES BY KOTOKAST DEPARTMENT 259 e 3630 WOODDALE AVENUE 


MINNEAPOLIS 16, MINNESOTA 
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DESIGN BARRIER 


by adding world’s first 


QUARE BARREL 


to its CVA* Products 


" CLASS 7 CYLINDERS 


_ Made with pressure cast and extrud- 
ed aluminum. Square head and bar- 
| rel eliminate the need for tie-rods. 


yer tied directly inte cy, © CLASS 3 & 6 CYLINDERS 


pene Class 3: a compact, steel 

in a 1", 1% eas 2 by = plate, square-head cvlin- 
are pressure rat i oil in der with tie-rod and honed 

eat a or B.A, steel tubing construction. 


Working pressures to 


sie iF" univeral lengths. 
oie iversal mountings. 3000 psi. Class 6: similar 








the | 


ACTUAL & , . 2 Write for in construction to Class 
é con seaave " " 107. 3, but for air pressures to F, . 
SIZE iat MODEL “V ation 250 psi; hydraulic to 1500 * gi Py, 


RE : psi. ag —_ —— 

+3 _— rmits interchangea 
BO is SOLENOID Po ts! Seoiandine: Senate, Meet or ex- 
> Aa ke a VALVES n= - e ceed JIC requirements. Available 


in 18 standard mountings. 
Write for Catalog 103 or 106. 


These small, compact, low-priced 


STROKE 
r 3- and 4-way valves are furnished 
1000 PSI a in two basic cycles:. Type AR 


(air return) always returns to ini 

tial position when solenoid is de 

energized or pilot 

exhausted. Type R 

remains positioned ; os 

as last energized whe ~ ree 

until opposite sole- 5% a oe bi sii 

noid or pilot is F — — é' , wr eg -NOPAK-MATIC 


actuated 


Catalog V. « wal Se hic sel x VALVES 
tubing, weld- Sie : 


ed flange con- “jg non-cushion — Fast acting, high vol- i 

struction eliminates pea t : ed ume air valves in '89*%@ 
aban og all eS ey wt ‘ ye get fa" 
types o' a uty te > y Dahae wi master 

i i ! A ins (air piloted) ] doubl 

slications at ‘pres. fl ROTATING DISC VALVES | cee wait’ AML BEE solotoia. Removing ‘cover 
sures up to psi. r lec to iron y cylin Bs plates affords easy access to 
Available in 6 4 br . pressure 0 piston poppets housed within 
standard mountings. The original NO- : it, On Raped removable, interchangeable 
ins: Nis Cobaiate Cad: PAK Valves, avail- 6 mou ; cartridges. 100% J.1.C. Easily 

Write for og able in 2-, 3-, 4- for yg 101 i modified for vacuum operation. 

way, and many seealineadile EBT Write for Catalog 105. 

special cycles for : Steen 

control of cylinders to 500 

* psi air or hydraulic. Pre- 
S C YLINDE R AY cision lapped rotating disc 

and body seat are always 


Vy VAL VES protected from pressure flow 


or exhaust. 


A ACCESSORIES Write for Catalog 102A. 


NOPAK offers a complete 
line of Matched Fluid = 
Power Components. ~_ GALLAND-HENNING NOPAK DIVISION 


2762 S. 31st Street 
Milwaukee 46, Wis. 








( VALVES & CYLINDERS 
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BERRY/DOWTY 


gear pumps 


OTaT-mriliiirelsmes cess 
without 
aalstc bcd laclelisme | astele 


Performance 
+ Quaranteed 


F.} 01 8) 


3.000 PS| 


Pressure t 
ollideltiemineli mm mcs 
85 GPM 

Speeds to 6,000 RPM 


Berru: 


HYDRAULICS | 


A DIVIBION OF OLIVER TYRONE CORPORATION 


*Dowty is the trademark of Dowty Hydraulic Units 
Limited, England 


The Berry/Dowty line of hy- 
draulic gear pumps has been 
subjected to exhaustive endur- 
ance tests. A Model GPA3/170 
(rated output 24.5 GPM at 1800 
RPM and 2000 PSI) was put 
through a one million cycle 
0-2000 PSI test, with the final 
200,000 cycles at 230° F. There 
was no measurable wear as a 
result of this test. In this and 
other tests, volumetric and 
mechanical efficiency has in- 
creased slightly from beginning 
to end of test, a result of the 
self-compensating design. 


Performance and warranty 
are unaffected by system 
temperatures of 230° F. 
provided minimum operat- 
ing oil viscosity is 50 
SSU. Volumetric efficien- 
cies of 95° at 2000 PSI 
are normal under these 
conditions, 


Value analysis (price, perform- 
ance and reliability) proves the 
economy of Berry/Dowty Hy- 
draulic Gear Pumps. Wire or 
phone today (Corinth, Miss., 
ATlantic 6-5541, Dept. K) for 
test units for evaluation on your 
equipment, 


7 


MAIL FOR NEW GEAR PUMP CATALOG 


Berry Hydraulics Corinth 1, Miss. 


Name 





Company 





Address 
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DESIGN ABSTRACTS continuea 


plastics. In addition to corrosion re- 
sistance, glass-reinforced plastic pipe 
has high strength, light weight, im- 
proved flow characteristics, resistance 
to paraffin deposition, low thermal and 
electrical conductivity, noncontamina- 
tion of product, and ease and economy 
of installation. Unlike most other 
piping materials, glass-reinforced plas- 
tic presents a most complicated physi- 
cal-behavior pattern under the com- 
bined actions of stress, environment, 
and time. ‘This pattern is affected 
greatly not only by the individual be- 
havior of the reinforcement material 
and the plastic, but the interaction of 
the combination. Because the tech- 
nology of the glass-reinforced plastic 
is comparatively new, much remains 
to be learned of the mechanisms in- 
volved in this combined behavior. 

“Glass-Reinforced Plastic Pipe,” R. M. Levy, 
Esso Research and Engineering Co, Linden, NJ, 


Mechanical Engineering, April 1961, ASME, 
20 W 39th St, New York 18. 


Pitot tube design 

The pitot tube is essentially a ve- 
locity measuring device, inserted in a 
fluid stream with its opening or orifice 
facing upstream. Velocity measure- 
ment is accomplished by determining 
the difference in pressure between the 
inside of the tube and the static pres- 
sure outside the tube. The simplest 
form is a single tube facing upstream 
although where the differential pres- 
sure resulting is too small to operate 
a suitable measuring or registering de- 
vice a double tipped pitot may be em- 
ployed with diametrically opposed 
orifices, one facing upstream and one 
downstream. Alternatively the differ- 
ential pressure may be increased by 
the use of a small venturi at the tip. 

Basis of operation of the pitot tube 
is a pressure head established by a 
velocitv head and thus the differential 
pressure available for measurement is 
entirely due to velocity and not the 
geometric characteristics of the device 
(as is the case with orifice plates and 
venturis, for example). That propor- 
tion of the fluid stream trapped by the 
pitot is brought to rest in the tube and 
converted into a pressure head. In the 
simple case of a tube inserted ver- 
tically into a fluid stream equilibrium 
is established by V?/2g = P/A where 


continued on page 546 
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ONE SOURCE! 


FOR 2-WAY 


When you discuss solenoid valve requirements with an 
ASCO engineer, you benefit from the design and de- 
velopment experience of half a century. The ASCO 
specialist can recommend the right valve for your 
needs because ASCO pioneering has brought about 
the thousands of types of solenoid valves now available: 

Two-way valves in pipe sizes from %” to 8”—for 
temperatures from -350°F to 600°F —for pressures to 
5000 p.s.i. 

Three-way valves in pipe sizes from %” to 2” — 
for temperatures from -350°F to 600°F — for pressures 
to 1000 p.s.i. 

Four-way valves in pipe sizes from 4” to 144”—for 
temperatures from -65°F to 212°F — for pressures to 
750 p.s.i.— poppet or slide type. 


And ASCO can supply you with standard, explosion- 
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AND © "4-WAY SOLENOID VALVES 


proof or water tight enclosures — Class A and Class H 
coils — a wide range of body materials including cast 
iron, brass, bronze and stainless steel. Or trade on 
ASCO experience and have one of our engineers call. 


New! Catalog No. 202 covers the ASCO line 
of Solenoid Valves. Write for your copy today. 


For Immediate Delivery... 


World’s largest stock of Solenoid Valves. 
A complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


Whatever the crucial factor in your flow control 
applications—reliability, compactness, high cycling 
rate—there is an ASCO valve that meets your need. 


ASCO Valves 


54L HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES e ELECTROMAGNETIC CONTROL 


Automatic Switch Co. 


CIRCLE 541 ON READER SERVICE CARD 





MARMAN 55000 Series V-Band Coupling 


FUNCTIONAL DESIGN OF NEW DRYCLEANER 


BY wihilseot CORPORATION 


and condensor. 


Interior view showing Marman V-Band Couplings on filter 





New Whirlpool Drycleaner 


V-BAND COUPLINGS ADD TO 


Whirlpool Corporation, leading appliance de- 
signer and manufacturer, has included the 
advantages of Marman V-Band Couplings in 
the design of a new coin-operated drycleaner. 


One Marman V-Band Coupling is used to 
hold segments of a solvent filter together, an- 
other serves on the condensor. In each case a 
neat, leak-resistant, easily applied, high 
strength structural connection has been made, 
adding to functional design and helping to 
reduce manufacturing costs. 


With 20 years of experience applying the 
V-Band Coupling concept to aircraft and in- 
dustrial products, Marman offers a wide range 
of coupling sizes and types from stock. And 
Marman’s unequalled manufacturing and de- 
sign facilities are at your service when special 
requirements exist. 


Just as they are working with other designers 
and manufacturers, highly qualified Marman 
Sales Engineers are available to assist you in 
the initial design stage. Let them prove how 
Marman V- Band Couplings can save you money 
when used to connect tubing, piping, ducting, 
in joining container halves or attaching com- 
ponents. Call us today or write for informa- 
tive literature. 


MARMAN DIVISION 


CONOSEAL is an Aeroquip Trademark 





A WIDE PERFORMANCE RANGE IS POSSIBLE THROUGH DIFFERENT FLANGE AND GASKET DESIGNS. 


CONOSEAL Joints provide zero-leakage 
connection of tubing and piping over tem- 
perature range of —425°F. to +2000°F., 
pressures in excess of 100,000 psig. 





Standard V-Band Couplings and flanges for 
high-strength structural connection of com- 
ponents and tubing. Choice of solid or 
formed flanges. 


§5000 Series Joints provide an efficient con- 
nection for sheet metal. “O" ring not fur- 
nished. Couplings available in cold rolled, 
mild or stainless steel and aluminum. 
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vour guide 


to the 
gear pump 


for your 
application 


This new catalog is an invaluable direc- 

tory to no less than 129 pump-and- 

electric-motor-combinations — any and 42 
all available off-the-shelf! 


Searching for gear pumps with top volumetric effi- @ Eastern 700 series — up to 9.8 gpm — 
ciencies? Do your performance requirements fall pressures up to 1500 psi 
into one of these three major groups? If one or more of these performance ranges meas- 
® Eastern 1200 series — up to 1.6 gpm — ures up to what you need, save hours of searching 
pressures to 800 psi your way through the gear pump maze — send for 
@ Eastern 100 series — up to 5 gpm — catalog 810 now! 
pressures up to 1500 psi 


Other Eastern products: EASTERN 
@ hydraulic motors @ positive displacement pumps IN DUSTRIES, 
@ centrifugal pumps @ aircraft pumps 
INCORPORATED 


Hamden, Connecticut 
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CLECO 
AIR MOTORS 


can meet your design requirements from 
inch-ounces to hundreds of foot-pounds! 


e More power, less weight. 
@ Torque control —stall or automatic. 


@ Right or left hand rotation, reversible or 
non-reversible. 


Explosion proof. 


Standard parts replacement from nation-wide 
CLECO Service Centers, 


TECHNICAL DATA: 


Motor Performance Charts, 
Dimensional Prints, and 
other specification data are 
available to help you with 
design problems. 


Sample motor performance chart 


For complete information, call or write 


“quality tools engineered for industrial progress” 

A Division of Reed Roller Bit Company ° P. O. Box 2541/Houston 1, Texas, U. S. A. 

IN CANADA: Cleco Pneumatic Tool Company of Canada, Ltd., 927 Millwood Road, Leaside 
AIR TOOLS (Toronto), Ontario 
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Synclinal 
SUMP 
TYPE 


CAPACITIES: 5—8—10—20—30—50—75 and 
100 G.P.M. 

PIPE SIZES: %" —1°—14%" —114"—2”—2"%" and 3”. 

CONNECTIONS: Coupling—Male Nipple. 

BY-PASS VALVE: Not Available. 

for use with regular petroleum base Hydraulic Oils, 

Coolants, Lubricants, all types of Fire-resistant 

Hydraulic Fluids and Water. 


IN-LINE FILTER 


CAPACITIES: Up to 60 G.P.M. 

PIPE SIZES: %"—1°—1\%" and 11” (at both inlet 
and outlet). 

BY-PASS VALVE: Available with or without 

By-Pass Valve. 

For use with regular petroleum base Hydraulic Oils, 

Coolants, Lubricants and all types of Fire-resistant 

Hydraulic Fluids. 
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Synclinal 
LINE 
TYPE 


CAPACITIES: 5—8—10—20—30—50—75 and 
100 G.P.M 

PIPE SIZES: 4%" —1°—14%"—1)4" —2"—2)4" and 3” 

BY-PASS VALVE: Not available. 

OPERATING PRESSURES: Up to 80 p.s.i 

For use with regular petroleum base Hydraulic Oils, 


Coolants, Lubricants, all types of Fire-resistant 
Hydraulic Fluids and Water. 


Bonded 
LINE 
TYPE 


CAPACITIES: 10—20—30—50 ana 75 G.P.M 
PIPE SIZES: 1°—1%"—1%"—2" and 2%" 
BY-PASS VALVE: Available with or without. 
OPERATING PRESSURE: Up to 250 p.s.i. 
OPERATING TEMPERATURES up to 300° F 
For use with regular petroleum base Hydraulic Oils, 
Coolants, Lubricants, all types of Fire-resistant 
Hydraulic Fluids 


‘deel Aeslggned. 40 ive more ACTIVE filtering 
protection. MORE are 
is necessary. They meet J. I.C. 
MEDIA in al! Marvel Filters is Monel wire cloth and 
mesh sizes of 30-40-50-60-80-100-150 and 200 to 
meet your degree of filtration requirement. 
a oe Marvel Filters are easy to clean. Line 


ee ng pipe connections position and may be serviced without 
ovee ice inal Equipment. Manufacturers ‘ntall Marve 


epee luaroniase DELIVERY 
For forther information on a specific type or size filter — Write —wire or phone 
MARVEL ENGINEERING COMPANY 
7227 N. Hamlin Ave., Chicago 45, Illinois « Phone: JU niper 8-6023 


a rn 


Tandem Synclinal 


SUMP TYPE 


CAPACITIES: 10—16—20—40—60—100—150 and 
200 G.P.M. 


PIPE SIZES: 


YY" —1"—14,"—1)4" —2°—2)4" and 3”. 


CONNECTIONS: Coupling—Male Nipple. 
BY-PASS VALVE: Not available. 


For use with regular petroleum base Hydraulic Oils, 
Coolants, Lubricants, all types of Fire-resistant Hydraulic 


Fluids and Water. 
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Bonded SUMP TYPE 


CAPACITIES: 10—20—30—50 and 75 G.P.M. 
PIPE SIZES: 1°—14%"—14" —2°—and 214”. 
CONNECTIONS: Coupling—"O" Ring— 

Male Nipple. 
BY-PASS VALVE: Available with or without 

By-Pass Valve. 

For use with regular petroleum base Hydraulic Oils, 
Coolants, Lubricants and all types of Fire-resistant 
Hydraulic Fluids. 
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DESIGN ABSTRACTS continued 


V velocity of stream, P increase 
in pressure, and 4 fluid density. 

The pressure head (P/A) is capable 
of direct measurement and from this 
the velocity V can be assessed, the 
head or pressure reading being cali- 
brated directly in velocity units. 

Che design of the pitot is concerned 
principally in ensuring that all the 
velocity head is converted into pres- 
sure head, although in some units a 
conversion of less than unity may be 
accepted and the instrument cali- 
brated with reference to an empirical 
coefficient. 

“Pitot Tube Design.’ Mechanical World and 
Engineering Record, Emmott & Co, Ltd, 31 


King Street West, Manchester 3, England. 
November 1960. 


Centrifugal-pump dimensions 
standardized 
For many years tabulated dimen- 
sional drawings for centrifugal pumps 
have used letter designations—but the 
designations varied between manu- 
facturers. This led to a lot of con- 
fusion when comparing two makes of 
pump for the same job; you had to 
remember what letter went with what 
dimension on which pump. With 
only 26 letters in the alphabet, there 
. was bound to be overlap 
Absolutely No Leakage at 6000 psi But now the Hvdraulic Institute— 
an association of pump manufacturers 
is coming out with a standardized 
. . and that’s only one of the reasons why CPV O-SEAL valves and fit- letter designation for important di- 
tings are being designed into both new and existing high pressure mensions on each major centrifugal- 
systems. “Bubble-tight” shut-off of liquids and gases — even nitrogen pump type. A table gives these letter 
and helium — is assured at temperatures from —20°F. to 275°F. designations for bare pumps, pumps 
O-SEAL valves and fittings can be quickly installed, repositioned with base and coupling, close-coupled 
or relocated with hand tight connections that remain leakproof and | Pumps and vertical pumps. Drawings 
vibration-proof well above their nominal 6000 psi rating. Unions, aa — —" pon aie apply 
elbows, tees and fittings, in addition to shut-off, relief and check valves, a eS a a 
provide unequalled design and installation flexibility. Paw si iia i 
The BIG difference is the way O-SEAL design uses pressure to | teed by Gedeuie lesiiiete:” Powe, S08 W 42 
eliminate leakage at the stem, seat and end connections. Exceptionally St, New York 36, New York, January 1961. 
low torque insures hand operation of any shut-off valve from 1/8-in. to 
2 in. regardless of pressure. * 
Full details and specifications are given in 36-page Catalog 60. 
Write today for your copy. 


covered. 


Accaleration switching valve 


Still a too little-used newcomer 
among electrohydraulic servovalves al- 
most five vears after its invention, the 
acceleration switching valve possesses 
a unique combination of reliability, 
resolution, and performance—espe- 

COMBINATION PUMP VALVE CO. / 846 Preston Street, Philadelphia 4, Pa. continued on page 558 
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4-way single or double pilot-operated types, for sub-base or manifold mounting 
Aluminum and stainless steel components assure multi-million cycle dependability. 
Interchangeable pilots, with coils guaranteed against burn-out for life of valve, fit 
any plug-in Speed King. Coils for AC or DC, most voltages . . . 35 — 200 psi range 

. integral junction box . . . optional manual over-ride, sub-base connected 
external pilot supply .. . % in. separate exhaust ports, ¥2 or % in. inlet and 


cylinder ports. 


Based on the service-proved design principle of Speed King 
yin. plug-ins, Valvair’s 4-34 in. plug-in valve series provides 


VA | VAI R ® plug-in convenience and versafility to a wider range of control 
valve applications. 


1/ 7 N PT Electrical and pneumatic circuits are completed automatically 
2 in. when valve and pilot are plugged in... bolted down. The 
result—cost-cutting reduction of original installation and main- 
PLU G -| N tenance time. All power connections are made permanently 
in sub-base or manifold ... there’s no need to disturb piping 
VALVES or wiring for quick in-service maintenance. 
What’s more, advanced design shortens stroke... speeds 
response. Separate coded (4-wire) circuits on double solenoid 


models meet JIC requirements. Flow area through valve and 
sub-base equals or exceeds that of full 14 in. pipe. 


Whether your control valve applications are on the drawing 
board or now in service, it'll pay you to investigate the advan- 
tages of Valvair plug-in design. A call to your nearby Bellows- 
Valvair field office will bring prompt application engineering 
recommendations. 


For more information, write for 
Bulletins SPL and DPL. Address Bellows- 
Valvair, Akron 9, Ohio, Dept. PE-961 


Bellows -\/alvair 


AKRON 9, OHIO 
8170 DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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ROSAEN TELL-TALE® 
SUCTION FILTERS 


PRESSURE FILTERS 
Pressure 300 + 2500 - 5000 PSI 
10 to 238 Microns Standard; Ports to 4” standard. 


TELL-TALE HAS UNIQUE FEATURES 


. . . 2 THE AUTOMATIC BY-PASS AND THE EXTERNAL DIRT INDICATOR COM- 
CLEAN in 5 Minutes , BINED RENDER THE TELL-TALE PERFECTLY SAFE ON SUCTION FOR ANY 
PUMP. CANNOT CAVITATE THE PUMP. PRESSURE DROP CONTROL EN- 
Only a clean filter is a good filter. Frequent on ABLES VARYING THE TIMING OF THE DIRT INDICATION TO SUIT THE 
cleaning avoids the need to use a greatly 2 PARTICULAR REQUIREMENT. OPTIONAL ELECTRIC SWITCH CAN EITHER 
oversize filter. It also avoids storing dirt and SUPPLEMENT OR REPLACE THE MECHANICAL DIRT INDICATOR. 
thus prolongs fluid life. . 





fin . fine tw -— 
THREE OUTLET PORTS may be used alter- LEFT SIDE INLET front outlet enables SIDE OUTLETS right or left enable avoiding 1M LINE port location in this pressure filter 
natively, or at the same time. Sometimes extremely close hook-up; minimum of piping bends and turns in connecting lines. Help to makes it ideal for use ahead of Servo Valves 
used to simplify adding controls or circuitry. ideal for power units with marrow tanks. keep pressure drop low. requiring a high degree of protection. 




















SH A P E y Because pressure drop in piping detracts from the total pressure drop available at the suction side of a pump—the fewer turns in the pipe the better. 
TELL TALES are designed to keep pipes straight. 





Especially adapted for installation below oil level this filter 


T E L L-TA L E “ U N D E R -O j L” permits cleaning the filter by the simple expedient of remov- 


: / a ing the cartridge. No valves to turn off before removing car- 
Cut-off valve enables cleaning without draining tank. tridge; none iment to turn back on before restarting eal 
Made in 8 sizes—5 GPM to 200 GPM. For In-Tank use (shown at right) or : 


: _— 
external (below oil level) installation. Optional valving available. 





Standard elements are 238, 149, 74 microns. 


The “UNDER-OJL™ line offers all the unique TELL-TALE fea- 
tures. The dirt indicator and automatic by-pass are incorporated in the 
clean-out cover. Installing cover opens cut-off valve. No danger of dry starts, 


The Pee COMPANY 


1776 EAST 9 MILE ROAD HAZEL PARK (DETROIT), MICHIGAN 








DISTRIBUTED BY 


ROSAEN DISTRIBUTORS 


and 
VICKERS WAREHOUSES 


ALL PRINCIPAL CITIES 
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No other centralized lubrication system can offer 
the advantages of Accumite with the 


ALEMITE MECHANICAL PUMP AND TIMER! 


Close-up of the Alemite Mechanical Pump and Timer 
driven by timing shaft by means of a chain and sprocket. 


§n Canada: Stewart-Warner Corporation of Canada, Ltd. 
Belleville, Ontario 
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By utilizing a chain and sprocket to transfer rotary motion to an 
Alemite Mechanical Pump and Timer you can supply efficient, au- 
tomatic Accumite Centralized Lubrication to as many as 400 points 
or bearings. That’s over 30 times the capacity of other pumps! The 
Alemite Pump eliminates the “rat’s nest” of lines other systems 
require—serves all bearings with a single line. Shots are measured 
at the bearing, not at the pump. Line length is no factor and any 
size shot from .00055 oz. to .012 oz. or more can be delivered to 
any point. Two more Alemite advantages are the big capacity 
5-pint reservoir and an alarm system assuring accurate, positive 
lubrication. 

The Alemite Pump and Timer is completely mechanical, uses 
no air or electricity. Cam operated valve closes at intervals de- 
termined by the pump input shaft speed to deliver positive, meas- 
ured amounts of lubricant to each point in the system. 
Measurement is by piston stroke, wear not a factor, pressures re- 
main constant and can be read on any type gauge. 

Contact your local Alemite distributor or write for free illus- 
trated literature on the Alemite Mechanical Pump and Timer and 
the Accumite Centralized Lubrication System, 


ALEMITE 
SIT DIVISION 
Excellence 


Dept. CC-91, 1850 Diversey Parkway, Chicago 14, Illinois 
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HAND 


AIR-CONTROL 
on'4 iP) se 
and VALVES 


Airmatic Cylinders and Valves are 
doing more and more to guarantee 
the most dependable Automation. 
Easy to operate, yet compactly design- 
ed, they have the inherent ruggedness 
so necessary for grueling operating 
cycles. Available from stock, they 
assure minimum maintenance and 


lowest service cost. And an Airmatic 
Engineer is as near as the telephone 
to help in the selection of the right 
valve or cylinder for the specific appli- 
cation. Shown on this page are just a 
few of the hundreds of standard 
Airmatic units available for your 
selection. 





2-Way 
Pilot 
Operated 
“%" - 3” 


2-Way 
Direct 
Solenoid 
%" 2" 


2-Way 
Cam 
Controlled 
4%" .2” 





3-Way 


P Pilot 


Operated 
y%,"" as - 


3-Way 
Cam 
Controlled 
ye” - |" 


3-Woy — 
Direct 
Solenoid 


.? 





3-Way 


3-Way 


4 : Sequence Solenoid 
INTERLOCK ‘ Time-Delay Pilot 


Yu". ¥," a”. a B ij 


ad Pressure Pipeline 
Regulator Strainer 
PILOT 


. 4-WAY MASTER VALVES 
AIR CONTROL =| ASK 


SEQUENCE VALVES 
mins & Bop 
SOLENOID nae CATALOG 
‘ ¢ PILOT SOLENOID 


Base mounted wo Rake flow gr 
Standard pipe sizes: Ye", ¥e", re", Ya" 


AIRMATIC MALVE, Inc. 


7313 a AVE. CLEVELAND 9, OHIO 
Phone: WOodbine 1-5320 
WESTERN UNION: Airmatic Valve, Inc., FAX, Cleveland, Ohio 














All valve deliveries 
are made from stock. 


TIME DELAY 








AIRMaric VALVE, Inc 
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special application _ 


MOYNO»e PUMPS 


Here is a completely new concept in 
small pumps. These Moynos success- 
fully handle materials ranging from 
watery liquids and abrasive slurries 
to large particles in suspension. They, 
use a single moving pumping element 
have no pistons, valves, high-speed impellers or other 
quick-wearing parts. Moynos easily handle solids and 
abrasives that ruin piston pumps. They minimize seal- 
ing surface problems common to rotary pumps. . . don’t Moyno’s unique pumping principle...as the 
cause foaming and aeration like centrifugal pumps do. hand turns the rotor . . . flow is right to left. 
Moyno Special Application Pumps are available in 
two basic designs, each with or without direct-connected 
motor, in capacities up to 1200 gph and pressures to 
300 psi. If your pumping requirements are so special 
that custom-designed Moynos are indicated, our engi- 
neers will examine your problem and recommend 
Moynos specifically suited to your needs. 


Write today for copy of new Moyno bulletin SSPRE. 
ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog|ndustrial Pumps 
Propellair, Industrial Fans * R &M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. ; 
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SILICONE NEWS from Dow Corning 


How To Improve Designs 


“tL Bag. . Furthermore, silicone fluids are highly re- 


automotive cooling — fan drive sistant to breakdown due to shear; are 





noncorrosive. 


These are the reasons silicone fluids make 
possible design changes impractical with 
other fluids . . . help improve damping 
devices, fluid couplings, liquid springs and 
hydraulic power drives. Here are two typi- 
cal examples: 


Unimpaired Drive Action 

The Visco-Drive assembly shown opposite, 
designed and manufactured by Eaton Man- 
ufacturing Company, automatically slows 
automotive engine fans at high speeds when 
cooling is least needed . . . conserves horse- 


power and reduces noise. 


Eaton engineers specify Dow Corning sili- 
aircraft shock absorber cone fluid as the drive medium to assure 
uniform driving action over long periods 


of time under widely differing conditions. 


Soaks Up Shock 

Another example is an aircraft shock 
absorber manufactured by Cleveland Pneu- 
matic Tool Company. Because the Dow 
Corning silicone fluid used in this liquid 
spring is much more compressible than 
other liquids, designers were able to reduce 
size of the oil chamber by 30%, 
saving vital weight and space. 


10.000 + 


8 


Silicone fluids let you 
forget time -- temperature 


Design more efficient mechano-fluid devices. Assure reliable, uniform 0 25 50 75 100 125 130 175 200 225 250 275 300 330 


Temperature degrees Fahrenhe:t 


Viscosity in Centistokes 


performance. Do both with Dow Corning silicone fluids. 
Learn how other designers are 
; : a : putting to advantage the unusual 
are nongumming and nonsludging. Silicone fluids let you forget combination of properties avail- 


Silicone fluids let you forget time because they are resistant to oxidation 


temperature because they maintain a near-constant viscosity, regardless able only in silicone fluids. Send 
of whether operating environment be hot or cold .. . are serviceable at today for descriptive brochure. 
temperatures as low as minus 100 F; at temperatures as high as 400 F. Address Dept. 5221b. 





Your best source for technical assistance 
in adapting silicones to your products is 
the Dow Corning office nearest you. 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D. C. 
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Announcing a brand-new Sundstrand pump “73 


for hundreds of hydraulic applications 


J 


/ 


... from operation of dental and beauty chairs to lube oil pumping Re 7 


This new Model G pump is a small, compact, 
high-quality unit, designed to be either bracket- 
or motor-end-bell-mounted. It is produced 
in five sizes, with capacities ranging from 12 
to 40 gph (at 1725 rpm, 0 psi), depending on 
pump size. 


Maximum pressure is 600 psig. Minimum and 
maximum speeds are 600 and 3400 rpm. Stand- 
ard features include a mirror-lapped .face seal 
(far superior to ordinary seals)... an adjust- 


able poppet-type relief valve with extra-long SUNDSTRAND 

guide stem that eliminates pulsations... quiet, 

hydraulically balanced Rota-Roll gears... long 

shaft bearing... available with internal recircu- 

lating bypass or optional return port. av Whey 

oe ; ; %on 

Genuine parts and expert service are available A 

at Sundstrand Service Stations throughout the 

country. If you think you have an application 

for this new pump, write today for literature and 

full details on prices and delivery, 
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SUNDSTRAND HYDRAULICS 


DIVISION OF SUNDSTRAND CORPORATION 


2219 Harrison Avenue, Rockford, Illinois ss ¢ 


+ 44 


Eastern Sales Office: 89 Summit Avenue, Summit, New Jersey 


FLANGE MOUNTING 

















HUB MOUNTING 























FACE MOUNTING 
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SUNDSTRAND 


SUNDSTRAND 
} 
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MODEL G 





Delivery HP Req'd at 1725 RPM 
at 
1725 RPM 200 
OPSI PSI 


12 
20 
24 
31 
40 
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for a quality product 


use a quality “O” ring 


be safe with PRECISION! 


Precision “O” Rings are engineered specifically 

for your product! They're made to do the job better... 
longer. They meet all military and commercial 
specifications. Precision "O” Ring quality is maintained 
by over 100 inspections and quality control tests. 
There's a size and compound to meet YOUR requirements. 
If it’s Precision — it’s Precision-made! 

Write, wire, or phone for data sheets or help 

of a Precision Sales Engineer today. 


®recision Rubber Products Corporation 
“O” Ring and Dyna-seal Specialists 


Dept. 3, Oakridge Drive, Dayton 17, Ohio Canadian plant at: Ste. Thérése de Blainville, Québec 
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- VALVES? 


Logan offers a wide selection in size and design If you would like more information about 
of both air and hydraulic valves to meet a de- valves, or other Logan products, merely fill in 
mand that has steadily grown over the years. the coupon below. 


This effort to be of service beyond the design 
and manufacture of air and hydraulic equip- [LOK CHAVYYV 


ment has been a vital part of the Logan program 


since the company was founded. AIR AND HYDRAULIC OPERATED MACHINES 


Check the items you want, fillin your name and address, tear out and mail to: 


Logansport Machine Co., Inc. + 720 Center Avenue, Logansport, Indiana 


__100-1 AIR CYLINDERS __200-1 HYD. POWER UNITS Please send copy of catalog 
100-2 MILL-TYPE AIR CYLS. __200-2 ROTOCAST HYD. CYLS. 

—_100-3 AIR-DRAULIC CYLS. 200-3 750 SERIES HYD. CYLS. NAME 

—_100-4 AIR VALVES —_.200-4 and 200-7 HYD. VALVES 
__.100-5 LOGANSQUARE CYLS. ——200-6 SUPER-MATIC CYLS. 
—_100-6 ULTRAMATION CYLS. __ABC BOOKLET COMPANY... 

—_100-7 SUB-PLATE AIR VALVE - CIRCUIT RIDER 

300-1 CHUCKS — CALCULATOR ne a 
—— 300-2 PRESSES —FACTS OF LIFE 


TITLE 
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AIR MOTORS 
A C' ry COMPRESSORS 
VACUUM PUMPS 


Gast offers you specialized experience in Air Motors, Air Compressors and 
Vacuum Pumps . for original equipment or plant use. The types and sizes 


shown, with selected accessories, will solve many application problems. All 


models feature rotary sliding-vane design for quiet, pulseless, positive air ene 
displacement. Vanes take up their own wear, maintaining high efficiency. THIS SIMPLE, DEPENDABLE 
ROTARY-VANE DESIGN 


- COMPRESSED AIR MOTORS 1 7 H.P. 


Model Rom Hp. At 60 Psig At 90 Psig Wt. Lbs 


1AM a 0.13 1% 
5,01 0.21 0.30 


AM 000 0.22 0.35 5” 











BLACK = LUBRICATED RED = OJL-LESS MODELS 


AIR COMPRESSORS 
Rec. Max. Press. Psig 
Cont ies 
Orer mittent 
Integral ) 57 10 20 5 
(Motor 2 J . 25 15 
Compressor) 032 y/ 2 25 
/ 20 


9521 


Model 


Light-Duty 240 
)440 
0740 
1550 
3040 
Heavy-Duty 0465 
Fan-Cooled 0765 
1065 
2065 
2565 
4565 


"Weight without base or motor, except integra! models 


VACUUM PUMPS 
Rec. Max. Vac 
Model Cou. i 


Model No Hp mittent 


Integral 0406 1/128/12 0.57 O05 
(Motor 0211 “Ve “% ’ 
Pump 0321 “ 
0521 % 


wrn— 


Light-Duty 0240 Y% 


nine)’ amet 


>OMsa~ 


Heavy-Duty 0465 
Fan-Cooled 0765 
1065 
2065 
2565 
4565 


"Weight without base or motor, except integral models 


OIL-LESS + COMPRESSOR® 


wr Type Pump Press. Psig. Max. Voc.” Hg 
Model Lbs Drive Rpm. Cfm Cont. Oper Cont. Over. 


direct J45 10 


psig 24 


direct 345 


12 direct J4 ) 0 0 10 psig. 20 


*with bose and motor 


Original Equipment Manufacturers for Over 30 Years 


Air Motors * Vacuum Pumps * Compressors 
WRITE TODAY for “Application Ideas” Bookle?, 
GA S MANUFACTURING CORP. Gast Catalog or Model Data Sheets. Our engineers 
P.O. BOX117-V, BENTON HARBOR, MICHIGAN — will gladly assist you. ‘‘Air may be your Answer!" 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


 - = oe! 
~<a YOU HAVE A ema —99 


BETTER CHANCE 


“my OF FINDING THE 
POWER CYLINDER YOU NEED IN 


—s- © §: 


EXACT 


STANDARD 


PRODUCTION MODEL > =cajjug 


emg@ AT ANKER-HOLTH 


HERE’S WHY: 


Anker-Holth makes the world’s widest selection 
of standard power cylinders. That means that you have a better 
chance of finding the exact cylinder when you call on us for your 
power needs. Anker-Holth standard cylinders, built to JIC speci- 
fications with bores of 1 to 30 inches and strokes to 40 feet, are 
time-tested and experience-proved in every major industry. Nine 
complete lines are offered and all mountings are available. 


Send this ' 


ANKER (Y HOLTH G 


DIVISION, THE McDOWELL-WELLMAN COMPANIES 


80Al-1 


This free catalog 
shows all our standard 
production models. 
Send for it today. 


AN KER-HOLTH DIVISION 
THE WELLMAN ENGINEERING COMPANY 
2723 CONNOR STREET. PORT HURON, MICH., U.S.A. 

D-3 
Name 





Ee 


Address___ 
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DESIGN ABSTRACTS continued 


EXCLUSIVE WITH CARTER! Ys. se sis temperstoe-and oven 


ROD SCRAPER PLUS to be considered seriously by more 


system engineers. Here are some prac- 
ROD WIPER AS STANDARD | tical considerations based on real ex- 


J. 1. C.Interchangeable Muarevine Series features a Metal Rod sy mat ith aie bor itching : ave, plus 
Scraper plus a Rod Wiper in a quick change Cartridge — Double | sufficient theoretical exposition to give 
protection against chips, dirt, damage. Unitized cartridge rod | a good fundamental understanding of 
bearing ... easy removal and replacement... no cylinder dis- | its behavior. 

assembly necessary! 





“The Acceleration Switching Valve Still Has 
Advantages,” by Morton E. Moore, Autonetics 
Div, North American Aviation, Inc. Published 
in Control Engineering, June 1960, p 89. 


* 


Oo Sealing of hazardous fluids 
S UARELINE AIR and 2000-3000 psi HYDRAULIC Outlines the general types of equip- 


® 1'A4" to 12” bore ® True cushion-automatic concentric alignment ment and methods employ ed bv one 
® 100% JiC interchangeable ® Positive piston locknut design ; 


© Delivery from stock! chemical manufacturing company in 


the handling and sealing of several 


THE COMPLETE ivi: | hazardous fluids. The pertinent fea- 


tures of each equipment type are out- 


| lined, and several types of equipment 
; are illustrated. 
. “Sealing of Hazardous Fluids,’ Arthur L. 


Decker, Ethyl Corp. British Hydromechanics 
Research Assoc, tnternational Meeting on Fluid 
Sealing, April 17-19, 1961, Ashford, Kent, 
England. 





Butterfly valves 


Attractive hydraulic and mechanical 
characteristics boost butterfly valves 
as final control elements in many 


® Space saving designs! ® Spring loaded “V” packing on nergy svstems. Here’s a roundup on 
Light weight! rod end gland. ‘ Re SRG ~whsiglh-comtaaa, 





© Full 1 t0 1 Mechanite cartridge the advantages of these values. 


rod bearing. ® Key type stainless steel locking | “Butterfly Valves,” 1. C. Gregg, Continental 

® Precision honed heavy wall ring. Allows 360° orientation Equipment Co, Div of Fisher Governor Co, Cora- 

tubing—6 to 1 safety factor. of pipe ports. opolis, Pa, Power, February 1961, 330 W 42 
St, N.Y. 36. 


ROTAR TORQUE ACTUATOR 
PNEUMATIC-HYDRAULIC is 
* New design opportunities 


Valve sizing for flashing liquids 


Of the various methods proposed 
for sizing control valves for flashing 
liquids, the one based on the down- 


stream density of the liquid-vapor mix- 
i ture seems the most accurate. With 


® To 370° rotation as standard 
® Safe, powerful torque 
® Air, oil, gas, water operation 


® Zero leakage 


0-100 
0-190 


0-280° 
0-370° 





the aid of specially constructed curves 
<sm and known inlet conditions, the in- 

IMMEDIATE DELIVERY ON ALL STANDARD CYLINDERS AND ACTUATORS strument engineer can size a valve 
with a few simple calculations. The 

FOR MASTER author explains the development and 

CATALOG | use of such curves, and presents usable 


charts covering six of the more com- 





Complete bound file. Air and we 
SrierireriiLt itm Cite mon process fluids. 


clamp cylinders, air valves, and 
the new sLJuareune. Complete | “Accurate Valve Sizing for Flashing Liquids,” 


details and prices. SEND TODAY a by A J Hanssen, Conoflow Corp. Published in 
Control Engineering, Feb. 1961, p 87. 


continued on page 565 
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How to select or design a pump 
for pressure lubrication 


by E. H. Schanzlin 
Chief Engineer, Tuthill Pump Company 


Our headline is something of a mis- 
nomer .. . for designing a pump for 
pressure lubrication today would be 
as pointless as designing a dowel pin. 

Instead, there’s a simple and in- 
creasingly popular answer to this 
problem. Practically every impor- 
tant manufacturer of air condition- 
ing or large air compressors. . . man- 
ufacturers of machine tools . . . diesel 
engines .. . plus hundreds of manu- 
facturers of diversified industrial 
equipment from valve operators to 
giant gear boxes . . . have selected 
Tuthill internal gear pumps for this 
demanding application because of 
compact size, economical price, 
quiet operation . . . and, above all, 
for their dependability, proven in 
over thirty years of operation. 


Internal Gear 
Operating Principles 


Tuthill internal gear pumps have 
only two moving parts. The pump- 
ing principle is based on the use of a 
rotor, idler gear, and a crescent 
shaped partition cast integral with 
the cover. 

Power applied to the rotor is 
transmitted to the idler gear with 
which it meshes. The space between 
the outside diameter of the idler and 
the inside diameter of the rotor is 
sealed by the crescent. 

As the pump starts, the teeth come 
out of mesh increasing the volume. 
This creates a vacuum, drawing the 
liquid into the pump through the 
suction port. The liquid fills the 


Tuthill manufactures a complete line of 
positive displacement rotary pumps in 
capacities from 1/3 to 200 gpm; for pres- 
sures to 1500 psi; speeds to 3600 rpm, 
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Tuthill model ORL pump provides pressure lubrication for Lodge & Shipley 


POWERTURN lathes. Mounted in headstock area, this reversing pump is 
driven by a reversing clutch shaft, provides positive reversing action. Ports 


remain constant without use of valves. 


spaces between the teeth of the idler 
and the rotor, and is carried past the 
crescent partition to the pressure 
side of the pump. When the teeth 
mesh on the pressure side, the liquid 
is forced from the spaces and out 
through the discharge port. 


Special Advantages 
of Reversing Pumps 


Tuthill also offers a complete selec- 
tion (375 models) of internal gear 
pumps with a special reversing fea- 
ture. The unique construction of 
these units permits positive revers- 
ing action without the use of valves, 
and with the port positions remain- 
ing constant. 

Reversing pumps are necessary 
when the lubrication pump must be 
driven by a reversing shaft, or when 
machinery must be shipped without 
knowing the ultimate direction of 
the driving unit. 

A good example is shown above. 
A reversing pump is mounted di- 
rectly on the reversing clutch shaft 
in the headstock area of Lodge & 
Shipley’s POWERTURN lathes to 
provide dependable pressure lubri- 


TUTHILL 


cation of these outstanding machine 
tools. 


Stripped or Cartridge Models 


For extremely crowded applications, 
or extra economy, Tuthill also offers 
a complete selection of stripped and 
cartridge models, in which only the 
basic pumping elements are supplied 
for incorporation directly into your 
equipment. These units have been 
widely used to supply positive pres- 
sure lubrication and hydraulic power 
in many important applications. 


Over 800 Models 


Tuthill’s complete selection of in- 
ternal gear pumps includes over 800 
different models from stock for ca- 
pacities from 4% to 200 gpm; for 
pressures to 500 psi; and speeds to 
3600 rpm. Specially designed hous- 
ings, shaft extensions, relief valves 
and many other features can be 
developed by Tuthill engineers for 
specific applications. 

Write for complete catalogue No. 
100 . . . or send us drawings on 
your application so Tuthill’s engi- 
neers can make specific suggestions. 


PUMP COMPANY 


963 East 95th Street, Chicago 19, Illinois 
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"March Mikes [t/ 


If it’s a pressure gauge, dial thermometer, or needle valve, Marsh 


makes it... 
opinion of thousands of discriminating users. Only a few key products are 


makes it in every form to suit every need...makes it better in the 


illustrated here, but hundreds are described in Marsh Catalogs. Ask for infor- 


mation covering the product or products in which you are interested. 


PRESSURE GAUGES 


**Mastergauge'’’—the world's 
mosteffective pressure gauge 
for extreme service. 


Vapor tension thermom- 
eters—direct mounted type. 
Many sizes; ranges. 


Alloy steel—complete series 
of sizes and patterns. Pres- 
sures up to 10,000 psi. 





‘‘Master-test'’—"Master- 
gauge” quality in a gauge for 
services requiring high ac- 
curacy. 


DIAL THER 


Distant reading thermom- 
eters—vapor-tension and gas 
filled types in many sizes; 
ranges. 


EDLE THRO 


416 Stainless steel—com- 
plete series of sizes and pat- 
terns in 416 stainless. Pres- 
sures up to 10,000 psi. 


MARSH INSTRUMENT COMPANY, Dept. 39, Skokie, Ill. 





Quality series—second only 
to ‘‘Mastergauge” and ‘Mas- 
ter-test'’ for tough conditions. 


OMETERS 


Piping thermometers—spe- 
cially designed for piping. 
Types for all purposes, in- 
cluding distant reading. 


pe Sic 73 4 


316 Stainless steel—com- 
plete series of sizes and pat- 
terns in 316 stainless. Pres- 
sures up to 6,000 psi. 


Division of Colorado Oil and Gas Corporation 


Marsh Instrument & Valve Co., (Canada) Ltd., 8407 103rd St., 
Houston Branch Plant, 1121 Rothwell St., 


Sect. 15, Houston, Texas. 





Standard series—best mod- 
erate-priced gauge for run- 
of-plant conditions. 





Duct thermometers—spe- 
cially designed for all condi- 
tions including distant 
reading. 


Panel mounted—all valves— 
alloy steel, 416 stainless, and 
316 stainless—available in 
panel mounted types. 


Edmonton, Alberta, Canada. 


Eastern Seaboard Warehouse: Marsh Instrument Company, 1209 Anderson Ave., Fort Lee, N.d. 
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LUBRICANT SIGHT RESERVOIR 


FEED LINES TO BEARINGS 


Simple Gear Motor on Ratchet Multi-Luber® 


GEAR MOTOR DRIVE 
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— BOLT TO MACHINE 


makes Automatic Electric Lubrication System 


You can use a simple gear motor to drive Lincoln’s new 
ratchet Multi-Luber to get a simple, low-cost electric 
lubrication system for light machinery of all types. Gear 
motor ratios of 1, 2, or 3 rpm and ratchet Multi-Luber 
ratios of 25:1, 50:1 and 100:1 let you choose the lubrica- 
tion interval best suited for the machine. 

The gear motor can be wired to any 110V/AC circuit 
so that the Multi-Luber provides lubrication whenever 
the machine is running. With standard setting, the 
Multi-Luber discharges 0.0025 ounces of lubricant (grease 
or oil) from each of the 12 outlet ports every time it 
cycles. Output of the first four ports can be doubled. The 
gear motor installs easily . . . you need only a clutch plate 
for the 3%4’’ output shaft and a mounting bracket. 

You can use the gear motor if rotating or reciprocating 
motion is not available to drive the ratchet arm or if 
remote location of the lube unit is desirable to protect 
it during steam or caustic cleaning. 

Multi-Luber units on cottage cheese packaging ma- 
chines are giving these advantages according to the 
manufacturer: protect bearings against water contami- 
nation during steam cleaning, eliminate product con- 


tamination by lubricant, eliminate removal of protective 
side panels to manually lubricate, provide constant film 
lubrication on bearings. They have also extended the 
manufacturer’s field service check from 90 to 120 days. 


Note to Manufacturers: 

Lincoln assists manufacturers in adapting automatic 
lubrication system to machinery... contact Lincoln’s 
Original Equipment Sales Division. 


LINCOLN ENGINEERING COMPANY 

Original Equipment Sales Division 

4010 Goodfellow Bivd., Dept. PRED 

St. Lovis 20, Mo. 

(_] Please send operating data sheet and Catalog 50 on Multi-Luber. 

(_] Have your representative call to advise me on Multi-Luber adap- 
tation to my machines. 


Name ——— 





Company oe 
Address___ 


Se Pe een ene apa 
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City nisi State 
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Ve” LINCOLN 


V 


ST. LOUIS 20,MO. e 
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Gear-type Pumps Fluid Motors lock Valves Flow Dividers 

Drive: direct, gear or belt Drive: direct, gear or belt Used with single-acting cylinders Capacity: 60 gpm 

Capacities: 1/5 to 120 gpm Output: | to 100 hp Capacities: to 20 gpm Pressures: to 2000 psi 
Pressures: to 2000 psi Pressures: to 1500 psi Pressures: adjustable from 500 Shock Pressure: to 5000 psi 
Operating Speeds: to 2400 rpm Operating Speeds. to 2400 rpm to 1500 psi Relief Valves: factory set, and adj. 


give you versatility in design — 
WEBSTER HYDRAULICS and performance, too ! 


These are the “standards” with the 
custom fit! Webster hydraulics are 
built that way to simplify 
engineering, cut planning time and 
costs — assure greater versatility 
in adaptation to your product 
and its operation. Interchange- 
ability of components, “add on” 
ability, wide range of speeds 
and capacities are Webster 
advantages that help you make 
fluid power serve better. 

Your Webster Electric 
representative is a specially 
trained hydraulics engineer, 
experienced in design and 
application. Can he help you? 
There’s no obligation. 
Or, write direct. 


O!'l HYDRAULICS DIVISION 


WEBSTER V7 ELECTRIC 
ST RACINE-wWwisS 


Directional Control Valves Piston Motors and Pumps Hydraulic Motor/Gear Reducer 
Capacities: to 40 gpm Capacities: 5 gpm to 14 gpm Torque: to 142 in./Ibs. per 100 psi 
Pressures: to 2000 psi Sizes: .71 to 1.81 cu in. per rev. Gear reduction: 4.65 to 1 
Shock Pressure: to 5000 psi Output: 5.5 to 28 hp Pressure: to 2000 psi 

Bedi od. 190 Reliet Valve: pilot operated (opt) Pressures: to 3500 psi Input flow: 2.2 to 25.1 gpm at 1000 psi 
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NEW 99a 


REUSABILITY PLUS LOW COST 
MAKE IT THE MOST IMPORTANT NEW 
HIGH PRESSURE HOSE FITTING IN YEARS 


Aeroquip scores a major breakthrough in the cost of high 
pressure hose lines. IRON MIKE Fittings are completely reusable! 
IRON MIKE Fittings are exceptionally low cost! They give you 
the design, prototype, manufacturing and field service ad- 
vantages provided by hose lines with standard reusable fittings 

. at the low cost of hose lines with non-reusable fittings. 

Use IRON MIKE Fittings with Aeroquip Multiple Wire Braid 
Hose for hydraulic systems up to 2250 psi. as well as for 
pneumatic, fuel and lubrication lines. IRON MIKE Fittings are 
available with 10 standard end styles for hose sizes from %4” 
to 2” I.D. 

Field tested and thoroughly dependable, IRON MIKE Fittings 
feature quick, easy, foolproof assembly. Get complete informa- 
tion by returning the coupon below. 





| 


2 ae 


i 


ea ER ne ots 5 2 


IRON MIKE Fittings consist of a steel nipple, two alumi- 
num segments, and a tapered steel socket. Assembly of 
IRON MIKE Fittings and 1509 Hose is simple and sure: 
¥. Rubber Cover is stripped from hose end and thread- 
less nipple is inserted into hose. Be Two segments mate 
with nipple assembly to assure correct positioning. 3, 
Tapered socket is forced over segments to form a rugged 
compression fitting. 





PATENT APPLIED FOR 


eeewmameaaneceeceeceee 2 oe 


Aeroquip Corporation, Jackson, Michigan PE-9 


t 
erogd e Please send me Bulletin 651 on new IRON MIKE Fittings. 


Name 


Title 
Company 
Address 


eS ee | 
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NEED POWER 


IN A SMALL SPACE? 


vou neeDROTAC! 


Rotac Reciprocating Torque Actuators 
give instant torque for 
e Lifting e Pushing 
e Lowering e Clamping 
e Rotating e Turning 
e Indexing e Oscillating 
...and other precise movements! 


Rotac supplies instant torque in a 
compact package for machine tool, 
packaging machinery, transportation, 
marine and other applications. Powered 
by air, oil or fire-resistant fluids, Rotac 
rotates up to 280° with either body or 
shaft anchored. Torque ratings to 
200,000 in. Ib.; special models to 
1,000,000 in. Ib. and higher. Choose 
from 26 cataloged models, over 300 
standard modifications. 


FREE DESIGN DATA—Complete specifications and 
application details. Call your Rotac Representative 
or write direct. 


MODEL RN—Roller bearing model 
for high pressures, fast cycles. 
Sizes from 444" x 444". 


MODEL HN—Uses journal bear- 
ings for moderate pressures and 
cycles. Units as small as 454"x 414". 


NEW MIDGET MODEL—Measures 2” x 
2" x 2", weighs only 12 ounces. Torque 
ratings to 80 in. Ib. Ideal for instru- 
ments and other light applications. 


rmmeme AXED 


61-8880 CORPORATION 


Greenville Plant - 945 E. Sater St, Greenville, Ohio 
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When it’s a 


Question of 
“Q” RINGS in any material or 


special compound for every 
service condition required. 


PACKINGS to your specifications 


in leather, synthetics, 
Also gaskets and asbestos, teflon, etc. 


washers in over 


oR 


7“ Look for 
the Answer at Auburn. 


Send us your specifications or blueprints. You'll receive 
prompt quotations and recommendations without obligation 


THE AUBURN MANUFACTURING CO. <B> 
307 Stack St., Middletown, Conn. 
New York, N. ¥.; Rochester, N. ¥.; Detroit, Mich.; Chicago, 4II.; 


Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. 3.; 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Washington, D.C. 
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=~ Lifting 


FINGERS of Automation °:*" 


' —— 
, a Holding 
zz 


~<a 
Closing 
~> 


\ Stamping 
Marking 2 P \ Centering 


Counting ye . Opening 


Lowerin 
Signaling Electing i 


Industry's ONLY Complete Line of 


Miniature Cylinders, Valves and Accessories! 


If you have a fluid power design problem where savings in 
space, weight, or cost must be solved, learn how CLIPPARD 
Miniature Air and Hydraulic devices can help you. Included 
in industry's ONLY COMPLETE miniature line are cylinders 
of %” thru %” bore, valves, valve solenoids, flow controls, 
quick connects, programmers, 
manifolds, fittings, tubing and ac- 
cessories. All are interchangeable 
and are limited in usefulness only 
WRITE FOR COMPLETE GAT LOG. 
LETE A as 
ING, NOW! Minimatics 


Ciipperd INSTRUMENT LABORATORY, INC. 


7350 Colerain Rd., Cincinnati 39, O. * Phone: JAckson 1-4261 


Monufocturers of Miniature Pneumatic Devices, R.F. Coils, Electronic Equipment 


Ciippard 
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DESIGN ABSTRACTS..........continued 


Viscosity 

Two-part article discusses basic con- 
cepts; equipment for measuring vis- 
cosity; viscosity-temperature relation- 
ships; effects of shear, pressure, nuclear 
radiation; film lubrication; flow in 
pipes. 
"Viscosity,”” Lubrication, Jan-Feb, 1961. Texaco, 
Inc, 135 E 42 St, New York 17. 


K 


Metering pumps 


Author derives a figure of merit for 
metering pumps and shows how it 
can be used to predict performance 
when going from Pilot plant to full- 
scale operation. 

“Predicting Performance of Metering Pumps”, 
A. Beerbower, Esso Research & Engineering 


Co. Control Engineering, Jan 1961, 330 W 
42nd St, New York 36. 


* 


Fire-resistant hydraulic fluids 
This is a report of a survey of in- 

dustry opinion of fluid praperties, 

costs, toxicity, conversion problems, 

insurors’ attitudes. 

“What Industry Thinks of Fire-resistant Fluids,” 


S. S. Livers. Control Engineering, Feb 1961, 330 
W 42nd St, New York 36. 


*~ 


Expansion joint behavior 
Describes factors affecting design of 
expansion joints for piping systems. 
Both slip type and packless or bellows 
type joints are discussed. Formula 
evolved from analysis of single corruga- 
tion of bellows design is included. 
“Evaluation of Expansion Joint Behavior,” Alex 


ander Samoiloff, Badger Mfg Co. Power, Jan 
1961, 330 W 42nd St, New York 36. 


+ 


Water content of 
compressed air 


Water content and dew point of 
compressed air can be important con- 
siderations in design of air systems. 
This nomogram is handy for finding 
the usual quantities required for de- 
sign purposes. 

“Calculate Dew Point and Water Content of 
Compressed Air,” by F. Caplan, Oakland, 
Calif. Published in Power, July 1960, p 94. 


continued on page 567 
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eee the Bruning 
“Deccto”’ Cylinder 


The fact that “Deccto” cylinders outperform their compe- 
tition has always been far more important to our customers 
than their substantially lower cost. In the ten years since 
these outstanding hydraulic and pneumatic cylinders be- 
came standard original equipment on countless installations 
coast-to-coast, to our knowledge none has yet been replaced 
by a competitive unit. 


We believe the “Deccto” is the most efficient, versatile and 
competitive cylinder on the market today. It is engineered 
and manufactured to such advanced concepts that it rou- 
tinely outperforms conventional, commercial, industrial and 
military “specification” cylinders weighing two to three 
times more and costing two to ten times as much, 


TEST THE DECCTO YOURSELF. IT WILL PAY YOU 

MANY TIMES OVER TO TAKE THE TIME TO DO SO. 

@ 1.5” through 4” bore 
((mirror finished) 

@ 5,000 - 8,000 P. S. I. 

@ J.1.C. Interchangeability 


@ Unexcelled for compactness and 
installational flexibility 


@ Either single or double action 
@ Best value on the market 


Call collect or write today. “Deccto” cylinders could be 
saving you thousands of dollars. Our files support this claim, 
and we will be happy to send you full particulars, 


AUTRES LINCOLN, NEBRASKA 


COMPANY Phone ~HE 5-3511 * TWX—LI 8152 
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TTT Tal iia WEAR-FREE! CARE-FREE! REPAIR-FREE! 


with the Exclusive Practically take care of themselves 


Self-honing surfaces. Curved cast 
iron vanes rotating against cast 
iron cylinder walls hone wear sur- 
faces to a hard, glassy smoothness. 
Provides continuous leak-proof seal 
and low-friction operation. 


Self-renewing vanes. Cast iron vanes 
take up their own negligible wear. 
No composition tips to wear and 
renew. Provides years of new- 
pump efficiency. 


Self-oiling. Leiman Automatic Oiler 
feeds the right amount of oil while 
running—needs no manual regula- 
tion—prevents over-oiling— 
reduces possibility of oil-staining. 





LEIMAN BROS., INC Rotary Positive 
soonest LEIMAN ain PuMPs 


Vacuum to 29.9 Hg Pressure to 20 p.s.i.g Volume to 162 c.f.m 
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STEINEN 


NOUSTRIAL SPR waz es =a 


CIRCLE SEAL 


PLUG VALVE ee ete 

esign of the Circle Sea 

ene LEAKPROOF in 9200 Series Plug Valve fea- 
HIGH VACUUM tures use of three O-rings. 


In closed position, O-ring on 
SERVICE cylindrical face of plug 
prevents leakage past inlet 
port. In open position, the 
valve is fully ported and 
allows straight-thru flow 
passage. Stem leakage is 


NEW FREE CATALOG @. ; : entirely eliminated by static 


a; . ‘ HRB O-rings at top and bottom 
32 illustrated pages of engineering data, including | -", ar : ‘caine of 
nozzle spray characteristics, capacities; applications and plug. Effortless quarter turn 

simplified nozzle selection tables. aati 9200 SERIES from full open to full close. 
No springs used...no ad- 
MORE NEW INFORMATION eee ms : Positive sealing in high vacuums justments required. 
BULLETINS: Square spray and solid jet patterns. to 150 psi. Sizes 4%”, 1/4 
DATA SHEETS: Leak-proof adjustable joint, phosphatizing 72", “%". Available in brass or 
nozzle and roof cooling. 303 stainless. 


COMPARISON CHARTS: Shows nozzle interchangeability. 


Write today . . . take advantage of Steinen’s complete 
engineering service. me 








Ve 


\ | CIRCLE SEAL PRODUCTS CO., INC. 


———— 


oe | 2181 East Foothill Blvd. 
WM. STEINEN MFG. CO. sthahiiiee ial Pasad Calif ‘ 
INDUSTRIAL NOZZLE DIVISION asacena, Vall. 
49 Bruen Street Newark, New Jersey 
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DESIGN ABSTRACTS..........continued 


Controlling compressors H (| | . E | 
Profits from compressor-fec proc- 


esses hinge more on stable, reliable 
compressor control than most process 
engineers realize. Here, the chief 
instrument engineer for a major user 
of processing compressors describes 
and evaluates the three basic electro- 
pneumatic capacity control systems for 
reciprocating compressors. 


“Controlling Compressors for Chemical Proc- 
esses,” by D. L. Hagler, The Linde Co, Tona- 
wanda, N. Y. ISA Journal, September 1960, QUICK 


313 Sixth Ave, Pittsburgh 22, Pa. CONNECTION 


with instant 


Lip seal research automatic flow 


Research during the past three years 
on lip type seals has provided invalu- 
able information. One of the most 
important findings is that shaft finish 


and assembly conditions are as great QUICK 
a factor in seal leakage as the sealing 
element itself. DISCONNECTION 


“Recent Advances in Lip Seal Technology,” by with instant 


Robert L. Dega, Research Laboratories, General t ti h t ff 
Motors Corp, Warren, Mich. Presented at Na- automatic SNut-oO 


tional Conference on Industrial Hydraulics, anti; 
prevents loss of liqui 
October 20, 1960, Chicago, Illinois. pP quid, 
gas, or pressure 


. 


Fluid power 

Some fluid-power calculations are As easy as plugging in 
I 

given under the following headings: es | your electric shaver... 

Cylinder speed and pump flow, horse- 
| pe pum] 

power required, fluid line size, and 

wall thickness. 


To connect a Hansen Two-Way Shut-Off 
Coupling, you merely pull back the sleeve 
“Mathematics of Fluid Power Simplified,’ by W, ‘ft f th and pats -“ vg anee the Socuet. Te 
T. H. Beard, Fluid Power, Ltd. Design Engineer- mte ror e disconnect, just pull back the sleeve. No 
ing, October 1960, 481 University Avenve, Hansen Catalog tools required. When Coupling is dis- 
Nore is on always ready refer- connected, similar valves in Socket and 
ence when you want informa- Plug shut off both ends of fluid line 

tion on couplings in a hurry. : oe : a : 11; 
Seh-anaiiiin aaamn ditien circuit practically eliminating spilling 

Valve flapper force and types of Hansen One- of fluid at instant of disconnection. 

Thi ; 1 F Way Shut-Off, Two-Way Shut- 
ng age Come henge tt. ne oxy aa es Gate Available in brass or steel, with female pipe thread 

ments lat were made to aerermine ouptings — includin ecia * D m é 
S a connections from Ye” to 1/2” inclusive. Sizes 


the force on the flapper of a flapper Service Couplings for LP-Gas, p . : ; 
valve Steam, Oxygen, Acetylene, etc. through 1° are also available in stainless steel, 


The force on the flapper is deter- ; 
mined by adjusting the upstream pres- Representatives in Principal Cities 
sure until, for a given set of balance -.. see Yellow Pages 
weights, the force transducer records 
a set value. The net force on the 
flapper is then the sum of the balance SINCE 1915 ' QUICK-CONNECTIVE FLUID LINE COUPLINGS 
weights and the force exerted by the 


transducer. THE HANSEN ° MANUFACTURING COMPANY 


The distance between the flapper 


Toronto 2, Canada. 


* 


4031 WEST » 0 TREET . LEVELANC H 
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NOW 
A “SHEA 


for LESS than a spool valve 
RATED FOR 3000 P.S.I. OIL SYSTEMS 


$6500 


List Price* 
for a %4” valve 











*Less the usual 0.E.M. 
and quantity discounts, 


FOR EITHER 
PANEL MOUNTING 
OR BRACKET MTG. 
THREADED BOSSES OW HANDLE LOAD 
—PRESSURE LOAD 
CARRIED BY 


ROLLER THRUST BEARING 


— COMPLETE CONTROL 
— GRADUAL OR 

QUICK OPENING 

— NO SURGES 


YEARS OF 

LEAKPROOF 
MAINTENANCE-FREE 
SERVICE 

— SPRING COMPENSATES 
FOR NORMAL WEAR 


MORE FLOW 
THRU UNOBSTRUCTED 
ROUND FLOW PASSAGES 


NO EXTERNAL LEAKAGE 
— PRESSURE IS CONFINED 
TO FLOW PASSAGES 


For complete data on this 

new vaive and for information on all 
your valve requirements write for 
Standard Valve Catalog 60-61 


oT) 


5125 ALCOA AVENUE * LOS ANGELES 58 © CALIFORNIA 


CONTROL VALVE DIVISION 
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SEAL” VALVE 


BREAKTHROUGH IN 
PRESSURE SWITCH ACCURACY 


at reduced prices 


The high accuracy associated with instruments costing several hundred 
dollars is now obtainable with new Barksdale pressure switches at a 
retail cost of $19.00 to $30.00. Accuracy of +0.5% is guaranteed and 
+0.2% accuracy can be supplied when required. Substantial price re- 
duction is accomplished by use of erector set design and a major invest- 
ment in production tooling. A wide choice of “tailored to the job” features 
meets your specification requirements exactly. 


ADJUSTMENT 
| 


> 


bhbbbbbbd 
Mil liliiiio 











INSTRUMENT 
LEAKPROOF QUALITY 


WELDED SNAP ACTION 
DIAPHRAGM SWITCHES 


_THESE POINTS ARE IMPORTANT _ 
WE DON'T USE 


arksdale valves. 


EXTREME ACCURACY 
and DEPENDABILITY 


maintained during 
operating life due to 
direct acting design 


IN ANY POSITION 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
switching elements 


TO VIBRATION 


you can mount the switch 
directly on your vibrating 
or moving equipment. 





LINKAGES & 
BEARINGS 


which, as they wear, 
make the setting of the 
pressure switch drift. 


— ELEMENTS 


which make the switch 
difficult to mount and 
very critical to vibration. 


BELLOWS 


which make the 
pressure switch 
sensitive to vibration. 


Ask for new 


PRESSURE SWITCH DIVISION <3 E> catalog 
& d 


an 
handbook 


arksdale valves 


5125 Alcoa Avenue, Los Angeles 58, California 
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Ya BLUEPRINT | 





our Dhwoduils.. 


SPECIFY T=J CYLINDERS ...FOR YOUR POWER DRIVE 
DESIGN * APPLICATION OR REPLACEMENT MAINTENANCE 


From its blueprint stage to its 
maintenance engineering re- 
quirement sheet, your product 
will assure MORE power drive 
precision and service, if T-J 
cylinders are specified. T-J’s 
complete line too, from the 


Spacemaker to the new re- 
Placeable Squair Head, can 
be the answer to any power 
problem. Write or call The 
Tomkins-Johnson Company, 
2425 W. Michigan Ave., Jackson, 
Michigan, today! 


TOMKINS - JOHNSON 


RIVITORS...AIR AND HYDRAULIC CYLINDERS... CUTTERS... CLINCHORS 


ee eee een eae 
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TO PUT YOUR 


TRANS- 
WAST 
IDEAS 

TO WORK: 


P2 
SERIES 


Use Wooster hydraulic pumps to lengthen 
the life of your products and greatly im- 
prove their performance—at far lower 
cost. Controlled pressure loading® is 
built into every Wooster pump, regard- 
less of capacity. Internal hydraulic forces 
pushing against bearing faces are ex- 
actly counterbalanced by carefully calcu- 
lated pressure from the outlet area. 


*Patent Nos. 2420622, 2823615, 2824522, others 
applied for. In pumps without this advanced 
design feature, wear is accelerated and pump 
life shortened by undue loads on bearing faces. 


P2 SERIES HYDRAULIC PUMP 


Capacities 1.7 to 6.8 GPM at 

2000 RPM and 2000 PSI 

Displacement 0.2 to 0.85 cu. in. 
Speeds to 4000 RPM 

Special alloy tin-aluminum bearings, all 
interchangeable .. . double lip shaft seal 
... hardened and ground steel gears and 
shafts ... high quality, high tensile alum- 
inum bodies. A variety of porting, mount- 
ing and drive arrangements. 


WOOSTER 
DIVISION 


WOOSTER, OHIO 


For Mechanical Power Transmission, 
See Warner Automotive Division 
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DESIGN ABSTRACTS......... 


and the nozzle was determined opti- 
ally. The flapper was highly polished 
so that by looking in from the side 
one could see both the nozzle and its 
reflection in the flapper. Observation 


at an angle very close to the hori- | 
zontal shows twice the actual distance | 


of separation between the nozzle and 
the flapper. 


| “The Force on the Flapper of a Pneumatic 


Flapper Valve, R. E. Norwood, MIT, Cam- 


bridge, Mass. Paper No. 38.4 published in | 


NEREM Record, Nov 1960, Institute of Radio 
Engineers (Boston section), Boston, Mass. 


. 


Pneumatic jet-pipe valves 


A potentially useful pneumatic pilot 
valve, where high performance, sim- 


| plicity, reliability, and low cost are | 
| important, is the jet-pipe valve. Al- 


though the jet-pipe valve has been in 
use for many vears, relatively little in 
the way of basic design information 
has been made available to the pneu- 
matic systems designer. 


series of carefully-planned 


erating with compressed air. 


“Basic Characteristics of a Pneumatic Jet-Pipe 
Valve,” K. N. Reid, Jr., MIT, Cambridge, Mass. 


| Paper No. 38.3 published in NEREM Record, 


Nov 1960, Institute of Radio Engineers, (Bos- 
ton section), Boston, Mass. 


* 


Low-pressure controls 


This paper describes four main types | 


of low pressure transmitters used in 


automatic control systems. It points | 
out their principle of operation, and | 


discusses their requirements as related 
to industrial instruments. 


“Industrial Instruments for Very Low Pressure 
Applications,” by William W. Blase, GPE Con- 
trols, dnc, Chicago, Illinois, Instrument Society 
of America, Paper No. 79-NY60. 


+ 


Theory of fluid sealing 


Factors affecting performance of | 


contact seals are mainly leakage, wear 
and power consumption. From the 


| general equations for fluid motion 


BORG-WARNER CORPCRATION | 


basic laws for leakage, wear and power 
requirements are deduced. Since con- 
tact seals are either radially or axially 


continued on page 573 
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This paper | 
summarizes some of the results of a | 
experi- | 
| mental tests with a jet-pipe valve op- 


LET’S TALK 
MANIFOLD 


FACTS ! 


The advantages of (Almo) mani- 
folds as opposed to other mani- 
folds are many. Their unique de- 
sign offers complete flexibility 
in the mounting of take-offs and 
valves. Thus an Almo manifold 
is more adaptable to your re- 
quirements. Here are 3 features 
that definitely effect perform- 
ance, weight and size. 


ALMO* 


HYDRAULIC 
MANIFOLDS 


Flow lines are short as possible 
with no corners or sharp recesses to 
collect dirt and obstruct flow 


CONVENTIONAL 
MANIFOLDS 


Method of construction permits better 
utilization of area, smaller overall dimen- 
sions and fewer complications while main- 
taining correct channel dimensions and 
constant operating pressures. PSI 
capacity is a built-in quality 





ALMO CONVENTIONAL 
MANIFOLDS 


3) Rectangular cross section of flow 
lines makes possible thinner overall 
construction and less weight than in 


comparable manifolds 
ca 
a_i 
cane CONVENTIONAL 
MANIFOLDS 


WEIGH THESE FACTS! 


Let us work with you in improving your 
product. Write for brochure. 


—_— 
oe 


ENGINEERING RECOMMENDATIONS 


*THE UNIQUE 
FLUID CIRCUIT 


MANIFOLD & TOOL CO. 


11472 KALTZ / CENTERLINE, MICH. 
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Bicyed ag 8) Y 
LI TERATURE 


NEW CONDENSED CATALOG COVERS 
ANCHOR HYDRAULIC HOSE 
ASSEMBLIES AND RELATED FITTINGS 


- = i 
<A ae 
a i? ~~ 


Anchor’s completely new condensed cata- 
log—No. 61S—shows the most compre- 
hensive line of hydraulic hose assemblies, 
hose, couplings and related fittings for 
fluid power transmission. 

In the Hydraulic Hose section are de- 
scriptions of Anchor Super-Spiral 4 Ply 
and 6 Ply Wire Wrap Reinforced High 
Pressure hose; High Pressure Three Heavy 
Wire Braid hose; Styles CHX and LHX; 
High Pressure Two Wire Braid hose, Style 
C (SAE 100R2); Medium and Low Pres- 
sure One Wire Braid hose, Style F (SAE 
100R1); Hi-Burst Two Rayon Braid hose 
(SAE 100R3); Standard Two Rayon Braid 
hose; Spiral Wire Low Pressure Suction 
hose (SAE 100R4); and High Pressure 
Two Wire Braid hose for Non-Flammable 
Hydraulic Fluids (Phosphate Ester), Style 
C75. 

Anchor Hydraulic Hose Assemblies with 
Anchor Pressed-On Couplings for unex- 
celled dependability, longer’ life and peak 
performance on virtually all fluid power 
applications are shown with their respec- 
tive hose styles. 

Anchor Reusable Couplings for high, 
medium and low pressure use with Two 
and One Wire Braid Rubber Covered hose; 
and Hi-Burst and Standard Two Rayon 
Braid Hose are described. In addition, 
Anchor Duloc Couplings, for use with 
Styles QW (SAE 100R5) and Style QWR 
hose; and Anchor Clamp Type Couplings 
which attach easily to Wire Braided or Ray- 
on Braid hose are also included. 

Anchor Fittings are described and illus- 
trated, and include Adapter Unions, 37° 
Flare Straight and Angle Adapters and 
adapter unions; Pipe Fittings; SAE Straight 
Thread “O” Ring Boss Type Fittings. 

Anchor 4-Bolt Sp!it-Flange “O” Ring 
Head Clamp Type Couplings for use with 
three wire braid, two wire braid, one wire 
braid, Hi-Burst two rayon braid, standard 
two rayon braid, and suction hose spiral 
wire are pictorially described, with illus- 
trations of available flange stems in straight, 
221%4°, 30°, 45°, 60°, 671%4°, and 90° 
angles. 

Anchor 4-Bolt Split-Flange Pressed-On 
Hose Assemblies for 4 Ply and 6 Ply Super- 
Spiral Wire Wrap Reinforced hose, three 
wire braid, two wire braid, one wire braid, 
and spiral wire suction hose are also in- 
cluded, together with flange stem styles. 

A section on Anchor Freon Hose As- 
semblies and angle couplings are covered, 
together with specifications. Anchor Hy- 
draulic Steering and Power Steering Hose 
Assemblies and Automotive Hose Couplings 
are also descri 

Copies of the new Anchor condensed 
catalog—No. 61S—will be sent, on letter- 
head request, by writing Anchor Coupling 


HYDRAULIC AND PNEUMATIC EQUIPMENT 


ts 
COMPLETE RELIABI 


Timah aciacluic 
Transmission 


When stamped on Anchor 
hydraulic components . . . the 
Anchor emblem is your definite 
assurance of constant, uniform 
quality in design, engineering 
and manufacture... and com- 
plete reliability in hydraulic 
transmission lines. Anchor 
fluid power components elimi- 
nate equipment downtime .. . 
production delays . . . idle 
manpower. 


Anchor’s comprehensive line 
of Hydraulic Hose Assemblies 
with Pressed-On, Reusable, 
Clamp-Type or 4-Bolt Split- 
— “OQ” Ring Head Cou- 


ANCHOR HOSE ASSEMBLIES with 
Pressed-On Couplings for maximum 
working pressures from 12,500 PSI tc 
100 PSI. 

ANCHOR REUSABLE, CLAMP-TYPE, 
DULOC and/or HOLD-FAST COUP- 
LINGS for pressures from 5000 PSI 
to 100 PSI. 


Andy Anchor says: “Remember . . . 
‘Pledge of Performance’. . 


y 


plings . . . Hydraulic Hose... 
Adapters, Adapter Unions, 
Pipe Fittings, and SAE Boss 
Fittings with the greatest va- 
riety of thread combinations — 
pipe, J.I.C., SAE — give long 
life, uninterrupted trouble-free 
service .. . with minimum 
maintenance. 

Today .. . as it has been for 
over 20 years . .. Anchor is first 
choice among original equip- 
ment manufacturers. 

Send for the Condensed Cat- 
alog . . . to help you choose the 
right Anchor hydraulic compo- 
nent for your equipment. 


ANCHOR 4-BOLT SPLIT-FLANGE “O” 
RING HEAD COUPLINGS for pres- 
sures from 3500 PSI to 100 PSI. 


ANCHOR ADAPTERS, ADAPTER 
UNIONS, PIPE FITTINGS, SAE BOSS 
TYPE FITTINGS in variety of styles and 
sizes, and thread combinations. 


the Anchor emblem is our 
. always! You increase the sale- 


ability of your equipment with Anchor fluid power components.” 


ANCIHOR Coupling Co.Inc. 


359 North Fourth Street, Libertyville, Il. 


Co. Inc., 335 North Fourth Street, Liberty- Rnaty— or tg - ae 
r-) ants: jas, Tex., Plymouth, Mich. 


ville, Illinois. 
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are - 


(rm) 
ENGINEERS PREFER VALVES 
BY SPECIALISTS 


‘it ty 


os 
oe 


all-position line check valves are made 
so well that rated pressures tell only half 
their ruggedness! 
® Lifetime, one-piece body of cast 
Navy-approved bronze 
® 18-8 stainless steel poppet resists elements 
® Perfect seating, sensitive operation 
® Larger port area 
® Works in all positions 


STEAM, HOT OR COLD WATER, OIL, GAS, COMPOUNDS 


Write for Bulletin 906 or telephone Harrison 3313 today. 


STRATAFLO PRODUCTS, INC. 
4939 S. Lafayette Street + Fort Wayne, Indiana 
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PAT. PENDING 


Eliminates leaks in oil, air, 
water, vacuum, chemical lines 


Tru-Seal saves hours in assembling piping 
installations because it enables you to 
run your pipe lines in any direction you 
wish, quickly and easily—without having 
to recut and re-thread piping sections. 
Wherever used on air, oil, water, steam, 
vacuum or chemical lines, it seals perfectly 
at —100° F. to plus 500° F.—without the 
use of pipe dope. Its installation requires 
only light tightening torque, thus elimi- 
nating over-tightening damage to valves, 
pumps, compressors, and other fittings. 


For further information write 


QD) TRU-SEAL ovo 


FLICK-REEDY CORPORATION 


7NO18 York Rd., Bensenville, Ill. 





**Miller Fluid Power’’ is also a Div. of Flick-Reedy Corp. 





Thread 
Tru-Seal 
on pipe or SEAL 
fitting as = SIDE 





e 


will go 
hand tight. 
Thread pipe 
or fitting 
3 threads 
into port. 
Point in 
desired 
direction. 





Tighten 
Tru-Seal 
to somplete 
leakproof 
assembly 
(only light 
torque 
required). 
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_ Wide choice...and fast service! 


Spraco has the most complete line of nozzles available any- » 


where — and all from stock. Full cone — hollow cone — 


4> 


flat spray. Bronze, cast iron, or stainless. Capacities from : V 4 


Ym pint/min. to 4,000 gal. /min. 


Spray’s new nozzle catalog is more than a catalog _ 
it’s a reference book. Write today for your free copy. ; 


SPRACO 
NOZZLES 


SPRAY ENGINEERING 133 Cambridge Street, Burlington, Mass. ? 
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DESIGN ABSTRACTS continued GARDNER-DENVER ROTARY 
AIR MOTOR—Y~ TO 1¥ H.P. 


acting, equations are included for 
both types. Pressure forces and their 
influence on wear and leakage are dis- 
cussed as well as improvement to be 
gained by hydraulic balance. Equa- 
tions deduced consider flow in the 
critical seal parts to be incompressible, 
steady, isothermal, laminar, two-di- 
mensional and single-phase. No con- 
sideration has been taken of the 
influence of shaft eccentricity, vibra- 
tions and surface conditions or to 
power consumption and heat develop- 
ment by rotating seal parts. 





“Theory of Fluid Sealing,” D Huhn, Gustav 
Huhn, Stockholm, Sweden. British Hydrome- 
chanics Research Association, Harlow, Essex, 
England. 


Oil leakage from an 
O-ring packing 

Experiments have been carried out 
to determine the leakage character- 
istics of O-ring packagings used for 
the reciprocating shafts. The main 
points of the results of this investiga- 
tion are: (1) The compressive force 





for squeeze is proportional to the 
1-2th power of the cross-sectional di- 
ameter of the O-ring, the 1-3th power 
of the squeeze and the 4-5th power 
of the JIS hardness of rubber ma- 
terials; (2) For the reciprocating use 
it has been shown theoretically and 
proved experimentally that the quan- 
titv of oil leakage from an O-ring is 
proportional to the square of the re- 
ciprocating velocity of the rod U, and 
the n-th power of the viscosity of the 
( t has been found that n ] 
for the values of » at the working 
pressure from the analytical treatment 


bet 1 1.5 for # measured at atmos | Want new design ideas? Check air power 


pheric pressure from experimental re- : es ‘ r 
Gardner-Denver air motors offer control flexibility, vibrationless opera- 


sill adidas: Wadi on Miltak Getta? 4 tion, high torque at any speed, freedom from overload damage and 
Iwanami, N Tikamori, Tokyo. British Hydro. | Spark-free operation. And remember, Gardner-Denver products are 
mechanics Research Association, Harlow, Essex, | backed by factory-trained specialists in our plants and offices through- 
epee. | out the world. Parts and specialized service are always available. For 


| details, call your Gardner-Denver air power specialist, or write for air 


sults. 


motor bulletins. 
Performance of metering pumps | EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 
Small rotary pumps are widely used 
for metering and proportioning service 
in both pilot plant and full scale op- 
erations. But even the best of such DE: AWE 
positive displacement units suffers Ace 


from some slippage (loss of discharge Gardner-Denver Company, Quincy, Illinois 
in Canada: Gardner-Denver Company (Canada), Lid., 14 Curity Ave., Toronto 16, Ontarie 


continued on page 574 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


DESIGN ABSTRACTS..........continued 


flow) under conditions of high pres- 
L ~~ h | sure and low viscosity. The resulting 


reduced efficiency can be easily taken 


into account when it is recognized 
GC: SIZE that the amount of slippage obeys rela- 
O'RINGS OR: tively simple rules that permit calcu- 
lation—from two measurements—of 
0-RINGS pump efficiency for almost any condi- 

ora tions of service. 


Bo) Two basic factors, the differential 
Also Gaskets, pressure across the pump and _ the 
Extrusions and fluid viscosity, influence the amount 
y ) o 
Molded Rubber Products of slippage. Pump manufacturers fre 
quently provide a chart showing th« 
variation in discharge flow rate with 
age s 

pre > for a given fluid, but seldom 

-N N S | V t A pressure a giv : 
n una eoprene, nicone, I on do they give definite information on 
and other Industrial Rubber Compounds =. "eee 
p lack of such information can_ be 
Complete stocks of all polymers makes MOORE troublesome when contemplating a 


America’s #1 resource for Special Size O-Rings. NOs change to a different fluid of different 
Since 1920, a dependable source for close tolerance FREE viscosity, or even when using the samc 
molded parts and vulcanization of extruded materials. CATALOG fluid at a different temperature and 
Any size, shape or configuration, custom-made to your 

specifications. Modern equipment and skilled organiza- fj . 
tion permits FAST DELIVERY. | / SAA 


hence different viscositv. The author 
derives a figure of merit for metering 
pumps and shows how he used it in 


Yehaiiien IRVING B. predicting pump performance when 


HUbbard 2-7565 OoonR E going from pilot plant to full scale 
Teletype No. CORP. operation 


ai 65 High St., Boston, Mass. 


“Predicting Performance of Metering Pumps,” 


CIRCLE 796 ON READER SERVICE CARD | by A. Beerbower, Esso Research and Engi- 
neering Co, Control Engineering, 330 W 42 


St, New York 36, New York, January 1961. 


TUBE FITTINGS 


L&L 37° flared tube fittings (to SAE 

& JIC standards) have heat-treated 

tube ends, and large wrench flats. . 
The most complete line anywhere. All = Control valve size 


L&L fittings are made of plated steel. The selection of an optimum con- 


trol-valve size depends on exact knowl- 


PIPE 7 edge of tolerances in valve-flow-coefh 
METAL SEAL Wei But, 


cients and in valve-sizing formulas. 


L&L ‘CN’ fittings seal, with thee just how is C, now determined and 
any fluid, temperature, how constant is it under widely-vary- 
pressure, or port metal. ing flow conditions and when applied 
Will fit SAE port. to the many styles of valves? 
Discrepancies in present valve-sizine 


STRAIGHT THREAD = : formulas between various manufac- 


T 

= turers have been found. A solution 
= : " TUBE FITTINGS hinges largely on selecting a density 
— - . 


correction factor on compressible 


L&L dryseal fit- Hee O-RING SEAL fluids, and 


Sionaieseaimsaial serious obstacle to an industry-wide 
threads. Thick walls ‘ L&L makes a complete compromise. ‘These formulas use the 
line of standard SAE O- flow coefhcient C,. defined as ‘“‘the 
ring seal fittings. JIC. 


f 


there appears to be no 


permit tapping for 
gauges. JIC. number of US gpm of water at stand 
ard conditions that the value will pass 
with a pressure drop of 1 psi’’—a con- 
cept of C, so useful that it is accepted 
throughout the entire valve industry. 

In this article it is assumed that the 


DISTRIBUTORS IN PRINCIPAL CITIES ce formulas for gases and liquids are 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


IF YOU BUILD MOBILE EQUIPMENT... 


| MATCH A PUMP TO YOUR APPLICATION 


val 
il 


Customized designs or standard models—both are available 
from Vickers. Industry’s broadest line of mobile pumps allows 
you to select the design that’s best for you . . . saves you from 
paying for “too much” pump and from getting “‘too little”. 

Our application engineers can help you match your specifi- 
cations with one of several thousand standard combinations of 
single or double pumps with choices of shafts, mountings, port 
connections, deliveries and direction of rotation. However, 
when unusual requirements demand special approaches, 
Vickers unequaled Research and Development facilities are at 
your service. 

Whichever type of pump you select, wherever your equip- 
ment goes, there is the additional advantage of complete inter- 
changeability of parts built in any Vickers piaat located 
throughout the free world, providing full service coverage. 

Additional data on pumps for mobile applications is avail- 
able from your Vickers application engineer or by writing to 
address below. Ask for Bulletin P1. 


MIcKERS 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 


Mobile Hydraulics Division 
ADMINISTRATIVE AND ENGINEERING CENTER 
DETROIT 32, MICHIGAN 9461 
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for pumps as individual | | ih 
’ Saat f ‘ acceptable. Actually, the liquid flow 
as a fingerprint: N formulas for water—total flow is equal 


to the flow coefhcient Cy, multiplied 

SPECIFY by the square root of the pressure 

drop—always has been acceptable. If 

this were strictly true, a C, determina- 

N ORTH ERN tion for liquids could easily be made 
by a standardized water test. 


i] N I = R A L L O Y “Practical Determination of Control Valve Cv”, 


DESIGN ABSTRACTS continued 


by Paul Wing, Jr, The Worthington Corp, Nor- 
P J M P yw wood, Mass, ¢SA Journal, 313 Sixth Ave, Pitts- 
burgh 22, Pa, September 1960. 


- 
Select a Pump Sized for the Exact Capacity 


and Pressure of Your Application 


SUMP SESS PSI High-pressure measurement 
pump sizes... p : PSI 


pump sizes : PSI High-pressure-measurement __ tech- 
| ‘ | PSI nique depends on many factors. For 
PUMP SZSS. os ceeeess PSI instance, if precision is the prime 
ate a apnea a consideration the free-piston gage 
pump sizes PSI comes to mind. But the free-piston 
pump sizes ; PSI gage is slow and thus limited to its 
pump sizes PSI | principal purpose, a primary standard. 

All other high-pressure-measuring 
devices are secondary and depend on 


Northern Ordnance Incorporated | a free-piston gage for calibration. 
Subsidiary of NORTHERN PUMP COMPANY | Most use the principle of elastic de- 


, ‘ . formation. Among these are the bour- 
Minneapolis 21, Minnesota nie soe ne? 
don gages (including the long helical 


CIRCLE 797 ON READER SERVICE CARD form recently developed by the Fox- 
| boro Company), the strain gage, and 
new bulk-modulus cell. 

None of these devices follows 
Hooke’s law precisely. In any instru- 
ment of this class hysteresis of at least 
0.1% of full scale is inevitable. 

At high pressures the bourdon tube 
walls must be thick, which makes the 
tube stiff, and hence the length of 
scale is reduced. 

r) J) thy “High-Pressure Measurement,” by Donald H. 
4 y, Newhall and Leonard H. Abbot, Harwood Engi- 


neering Co, ¢nc, Instruments & Control Systems, 





Please write today for free catalog and engineering data 














845 Ridge Ave, Pittsburgh 12, Pa, February 


\ \ Rs j | 1961. 




















bolted joint Marman clamp ¥ Br xg Hot gas pneumatics 

While hydraulic fluids have advan- 
United Self-Energized Metallic O-Rings* tages over pneumatics, especially in 
fluid incompressibility—a criterion of 
form positive, permanent, non- United Metallic “O" Rings, manufac- | yctem “stiffness” —hvdraulic fluids 
corrosive, static seals under pressure tured by United Aircraft Products, | have reached their upper temperature 
extremes from 10°* mm Hg to_ Inc., Box 1035, Dayton, Ohio. 

100,000 psi (or the ultimate com- ~ 

pression stress of the metal itself) See United Metallic 
and temperatures from -—452° to O-Ring Catalog in 
3000” F. Available in various metals Sweet's Product ultra-compact and light-weight servos 
and coatings (including Teflon** and ‘ Design File or write powered directly by gases at 2500F 
silver) 44” O.D. to any size and con- for Free Handbook and 2000 psi! These remarkable de- 
figuration. United also makes non- »Batents 2.009.269; 2.037.260. vices hold exciting possibilities for in- 
vented and pressure-filled O-rings. | 





limit. Now, pneumatic control de- 
vices which were so successful at lower 
temperatures have been upgraded into 
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DESIGN ABSTRACTS continued The tom BRA ' © ed 


dustrial control where they would play 


an important role, which has not pre- Un [ | VA i 
viously been available. ue 


Hot gas is metered through a sym- 
metrical pair of fixed-area upstream 
orifices into the actuator cylinders, to 
a pressure approximately half of sup- 
ply pressure. The valve flapper, posi- 
tioned by an electrical torque motor, 
produces proportional changes in ori- 
fice areas resulting in differential con- 
trol of cvlinder pressures. 
Cylinder pressures are transmitted 
to two opposed pistons operating to 
two opposed pistons operating against 
a cam surface; thus, a differential 
change in cylinder pressures results in DOUBLE DIAPHRAGM OPERATED MICRO VALVES 
rotary motion. This position is sensed INSTALLED ON PNEUMATIC CONTROL PANEL 
by a transducer and fed back to the 
control computer to close the loop. A MINIATURE VALVE 
“Hot Gas Pneumatics—New Field in Control,” WwW i T H °o Vv t & i £ N T E a 7 


by J. D. Pembleton, and J. G. Rivard, Vickers, , 7 SNAP-ACTION OPERATOR 


tnc, Detroit, Mich, ISA Journal, 313 Sixth Ave, 
Pittsburgh 22, Pa, April 1961. A 
BASIC MODEL Instantaneous response with bub- 


* overt ble-tite shut-off 
. Shown ‘2 Size 3 . —- : P 

Maintains position without holding 
force — cannot shift accidentally. 

Mass flowmeters Full-speed action regardless of 

operating force 

Accurate repeat of trip point 

Light operating force required 


\ mass flow measuring instrument 
has many advantages: it is not neces- 
sary to apply to its indication numer- 


pe ae sai 
ous theoretical and empirical correc- Standard orifice sizes: %" and % 

PLASTIC OVERRIDE SPRING Dimensions: As small as %” x 1” 
tions. BALL TIP EXTENSION : . . 


To illustrate the complexity of x 1%” 
ipplying the conventional orifice meter @ Weight: As light as 2 oz. 
to measurement of natural gas, the 
\merican Gas Association Report No. Ness Te Standard Micro Valve is a 3-way, 2-posi- 
3 lists separately these six factors that SPRING RETURN tion valve and may be adapted easily for 
must be applied: 1. static pressure, | 2-way shut-off service. Also available — 
differential pressure across the ori- . 4-way combination valves; single and dou- 
fice, 3. flowing temperature, 4. the R ble solenoid operated valves; single dia- 
phragm operated valves; with male or 
female connections. All valves may be 
manifolded. 


specific gravity of the stream, 5. the 

size of the orifice run, and 6. the size ‘ 

of the orifice plate. MANIFOLD ASSEMBLY 
By mass flow measurement, plant or 

process balances can be made directly ; 

without converting the normal volume a MICRO VALVES ARE NOW IN SERVICE 

flows to pounds or equivalent barrels. ON: Pneumatic and Hydraulic Machinery 

I’or control or transmission, only one Control and Instrument Panels @ Test Equip- 

4-WAY ROLLER LEVER ment @ Pneumatic Control Systems @ Packag- 


signal—the output signal of the instru- 
xf SPRING RETURN ing Machinery Controls ¢ Laboratory Apparatus. 


ment—need by detected and operated 
on. Also, integration or flow totaliza- 
tion is simplified, as only one variable 


FOR SPECIFICATIONS AND PRICES 
WRITE FOR BULLETIN MV 459 


need be integrated with respect to 

time. In a mass flowmeter, compres- )NcoRPORATED 
sibility (deviation from ideal behavior) ‘ \ | |/ 
ilso is automatically taken into ac- 

count. 

“Mass Flowmeters,” by Charles M. Halsell, 

Black, Sivalls & Bryson, ¢nc, Oklahoma City, 


Okla, 313 Sixth Ave, Pittsburgh 22, Pa, June 
1960. 
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V efficiently 
V economically 
is as easy aS... 


when you specify 


Standard Cylinders 
AIR or OIL 
Without Modification 


Save money with S-P’s complete line; rated 
200 psi air, 500 psi oil or water; 23 mounting 
types; 11 bore sizes—142” thru 14”; see 
Catalog 110¢ 


K 


SERIES 
a 


HIGH PRESSURE 
Hydraulic Cylinders 


Get smoother, more precise power; ruggedly 
built, interchangeable; 2000 psi (3000 psi 


non-shock); 12 bore sizes—1%” thru 12”: 
ast. 


get ae 117. 


Air-Oil BOOSTERS 


Save money, save space; boost 80 psi line 
air to 3000 psi hydraulic power with no added 
power consumption, no maintenance; see 
Catalog 116. 


FREE Engineering 
Service 
Phone or Write Today 





The 4-P Manufacturing Corp. 
A BASSETT COMPANY 











BOOK REVIEWS 





Centrifugal Pumps 


IGOR KARASSIK & ROY CARTER. F W Dodge 
Corp, 119 W 40th St, NY 18. 7% x 10, 496 
pp. $15.75. 


Contains information covering the 
entire field of centrifugal pumps, their 
appurtenances, and control. It de- 
scribes and illustrates most of the 
common types of pumps, including 
vertical, sclf-priming, and _ regenera- 
tive types. Typical chapter headings 
are: pump performance; controls, driv- 
ers, and priming; services and selec- 
tion; and installation, operation and 
maintenance. The book primarily is a 
practical state-of-the-art presentation 
showing what pumps can do and how 
thev are used, and has many illustra- 
tions of pumps and drives. It is not a 
theoretical-design text. The 15-page 
data section in the back has many 
useful hp and _ pressure-loss charts, 
equations, and viscosity tables. 


* 


Symposium on Hydraulic Fluids 


American Society for Testing Materials, 1916 
Race St, Philadelphia 3. 6 x 9, 102 pp. $3.75; 
members, $3. 

The papers in this Symposium on 
Hydraulics were presented during two 
sessions on Oct 13, 59, at the Third 
Pacific Area National Meeting of the 
Society, San Francisco. The sympo- 
sium was sponsored by Technical 
Committee N on Hydraulic Fluids of 
Committee D-2 on Petroleum Prod- 
ucts and Lubricants. Covered are: 
problems and trends in the use of 
hydraulic fluids, spray-flammability 
test for hydraulic fluids, hydraulic 
fluids for use in high-pressure ship- 
board equipment, high-performance 
fluids for military aircraft and indus- 
trial applications, emulsion-type fire- 
resistant industrial hydraulic fluids, 
development and testing of aircraft 
hydraulic fluids. 


+ 


Viscoelastic Properties of 
Polymers 

JOHN D FERRY, Professor of Chemistry, Univ 
of Wisconsin. John Wiley & Sons Inc, 440 Park 


Avenue South, New York 16. 61% x 914, 482 
pp. $15. 


The author carefully develops a dis- 
cussion of the theory of viscoelasticity, 
followed by the presentation of a wide 
variety of experimental methods and 
a critical appraisal of their applicability 
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BOWEN 


SEAL 
RING 


STOPS 


O-RING 
FAILURE 


Bowen's new seal ring assembly stops 
extrusion—the most frequent cause of 
O-ring failure. Can be used in any 
sealing application—either dynamic or 
static—where high pressures cause tear- 
ing and cutting in conventional O-ring 
seals 


1. Proved with pressures over 50,000 psi. 





2. Diameters: 4%” to 12 feet or more. 


WRITE TODAY FOR FULL INFORMATION. 
BOWEN ITCO, INC. 


(BOWEN 


P. 0. Box 4587 
Houston 13, Texas, U.S.A. 
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INDUSTRIAL 
RE-USABLE 


INTERCHANGEABLE a O S E 
coMPACT FITTINGS 


A Complete 
Line 
ASSEMBLIES 
ADAPTERS 
COUPLINGS 
CONNECTIONS 
1 & 2 WIRE BRAID 
RUBBER HOSE 
RAYON HOSE 
ACCESSORIES 
For 
1 and 2 Wire 
Braid © 1 and 2 
Rayon Braid 








For your most demanding specifica- 
tions... Lenz fittings meet J.I.C. and 
S.A.E. standards for low, medium and 
high pressure systems... Oil, Fuel, 
Water, Gas and others. 


The LENZ Company 
3307 Kiepinger Road 
Dayton + Ohio 
Phone: CR 7-9364 


Write Today 
For FREE Hose 
Catalogs of 
Complete Line 


Specify Type For Nearest Distributor See 


Thomas Register A-Z Section 
See Fluid Power Directory for Complete Catalog 
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BOOK REVIEWS continued NOW 1 5 to 4. 5O G ft Mil 


to polymeric materials of different VIKING’S ENLARGED LINE OF HEAVY DUTY 
. HELICAL GEAR DRIVEN PUMPS 


characteristics. The existing state of 
molecular theory is reviewed and used 
to interpret the effects of temperature, 
chemical structure, dilution (plastic- 
ization), and other variables. | = : ( : , Figs. 288 and 388 units with 
~ © ' if size ‘‘C’’ reducers, capable of 
Several chapters are devoted to the | . vr handling up to 25 H Pet 350 
— mre senna - hie : ( if pump R.P.M.; 40 H.P. at 520 
dependence of viscoelastic properties | | F: / pump R.P.M. 20 to 450 G.P.M. 
on chemical composition, molecular ' : capacities. Five gear ratios 
| available, using one gear case 

weight, presence of diluents, and other Six pump sizes in this series 


features for several characteristic 


classes of materials. The book ends 
with illustrations of the many poten- You now have an even larger range of Viking’s helical gear 
rs driven units to fit your pumping jobs. Speed and capacity 
tial applications to practical problems now range from 15 to 450 G.P.M. They’re ideal for handling 
in the processing and use of rubbers. both thin and thick liquids, ranging from gasoline to molasses. 
Pumps equipped with packing or mechanical seals. Gear 
plastics, and fibers, and the control of reducers independently mounted. All components can be 
vibration and noise. This volume is quickly changed. Step up your delivery with these quiet, 
positive discharge, self-priming pumps! 











recommended for the reader who, 
though using Propuct ENGINEERING 








< rt 7 O gn-de £ materi: ls P 9 
1 icies n 1g 1-€ imping 1 j 7 , / — Fig 288 units with size ‘‘B’’ 


(see Apr 17 ’61 and Jan 25 *60), de- - , —— reducers, capable of handling 

- » henck ' -_ rk up to 10 H.P. at 1750 R.P.M. 
ackgro ject. 

sires more background in the subject a a © S08 


—FRP eh. = " . G.P.M. capacities. Six sets of 
gearing using one gear case. 
Six pump sizes in this series. 


Modern Materials: Send today for catalog SP-534X 
Advances in Development VIKING PUMP COMPANY 


d A li ° Vv | il Cedar Falls, lowa, U.S.A. In Canada, It’s ‘‘Roto-King’’ Pumps 
an PP ications. ° See Our Catalog In Sweet's Product Design File 


Edited by HENRY H HAUSNER, Consulting CIRCLE 800 ON READER SERVICE CARD 
Engineer, NYC. Academic Press Inc, 111 Fifth 
Avenue, New York 3. 61% x 9%, 413 pp. 


$12.50. 
It is difficult to cover widely diver- NE | ; : 
gent subjects in a single volume be- . milele OF-Tel-Toray, 


cause there is no continuitv from one 


subject to the next. But advance- Low ‘Ofel—! 


ments are seldom made along a broad 


front. Instead, they usually show up CARTRIDGE 


as developments in specific areas. 

This book, second volume of a | amiag VALVE 
series, covers these materials and their 
related fabrication processes: polymer- 


modified papers, sprayed ceramic coat- Differential 
ings, boride ceramics, titanium and Piston Design 


materials for welding and soldering. 

A detailed treatment of scattered | 
subjects, this book is useful only if COMPACT — Only 3%” x 
vou need information on the specific | Dependable — direct 1” hex dia—up to 40 gpm 
materials covered. —HLK acting — ideal for capacity 
critical applications. 
Long Life — hardened 
steel working parts - : 
; = Extremely Fast Pressure Ranges—200 to 4000 psi 
Theory of Elastic Stability Response © immediate Delivery 


(2nd Edition) Accurate Pressure 


STEPHEN P TéMOSHENKO AND JAMES M Control Write For Detailed Literature 
GERE, Stanford University. McGraw-Hill Book 
Co Inc, 330 West 42nd St, New York 36. 61/4 
x 914, 541 pp. $15. Manufacturers of Hydraulic Valves and Devices 








os 


An extensively rewritten version of Relief Valves © Check Valves © Restrictor Valves 
Needle Valves @ Pilot Check Valves ® Special Valves 


the established text and _ reference 
Pressure Compensated Flow Regulators 


work, first published in 1936, this 
book presents the fundamental P.O. BOX 186 e MENTOR, OHIO 


continued on page 580 Member of National Fluid Power Association 
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Coolant Pumps 


PRECISION 








e LAST LONGER 
¢ PERFORM BETTER 


ON YOUR MACHINES 


You get better performance from 
your GUSHER Coolant Pumps 
because they are precision built. 
The one piece shaft in GUSHER 
Pumps is electronically balanced 
to cut vibration to a minimum. 
Ball bearings are pre-lubricated, 
no seal or packing needed. Write 
for catalog. 


THE 


MACHINERY CO. 
» COOLANT PUMPS 

* CIRCULATORS » AGITATORS 
* MOLTEN METAL PUMPS 





1818 Reading Road * Cincinnati 2, Ohio 
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DESIGN ABSTRACTS continued 


theory of buckling of bars, plates ‘i 
shells. The new second edition brings 
the subject matter up-to-date. Some 
of the significant changes in the 
second edition are in the treatment of 
torsional bucking of columns and 
lateral buckling of beams. But the 


emphasis, as in the first edition, is on | 


fundamental theory. 

This book begins with the analysis 
of beam columns, then proceeds to 
elastic buckling of bars, Chap. 2. This 
chapter has been enlarged to include 
buckling under the action of noncon- 
servative forces, periodically varying 
forces, and impact. Chap. 3 covers 
inelastic buckling of bars; Chap. 4 de- 
scribes experiments on buckling of 
bars. 

A new chapter on torsional buck- 
ling, Chap. 5, has been added, and 
Chap. 6 on lateral buckling of beams 
has been extensively revised. Chap. 
7 deals with the buckling of rings, 
curved bars, and arches. Chap. 8 and 
10 are on bending of plates and shells, 
and Chap. 9 and 11 on buckling of 
plates and shells. 


Steel Castings Handbook 


Steel Founders’ Society of America, 606 Ter- 
minal Tower Bldg., Cleveland 13, Ohio. 6% 
x 914, 670 pp. $5.50. 


This is the third edition of this 
handbook, and it has been com- 
pletely rewritten. It now incorporates 


a vast amount of new data developed | 
Steel | 
and other agencies 


through research by the 
Founders’ Societv 
in the United States and abroad. 

In the rewriting, the 
has been prepared entirely from the 
viewpoint of the designer and user 
of steel castings. It constitutes a com- 
prehensive source of data on the 
proper design, selection, and _ heat 
treatment of steel castings. Design 
of steel castings is given considerable 
attention in a 76-page chapter, which 
incorporates several new approaches 
along with selected points from 
previous editions. This chapter should 
be especially helpful to design engi- 
neers secking improve or 
develop 
forthcoming 
ment. 

The normal variations in steel 
castings are considered in the light of 


continued on page 582 
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AIR-OPERATED 
EQUIPMENT NEEDS 


WATTS 


THREE-WAY PROTECTION 


FILTER 
Exclusive 
tornado action 
spirals dirt 

and moisture 
downward to 
“quiet zone”. 
Smaller particles 
are filtered out 
by porous 
bronze cone. 


REGULATOR 
Exclusive 
aspirator action 
provides 

greater air flow 
with minimum 
pressure drop. 
Aspirator acts 
directly on 
diaphragm for 
precise control, 
steady pressure. 


LUBRICATOR 
Exclusive high 
velocity 

venturi section 

for efficient 
atomization at 

air flow rates 

as low as 1 CFM. 
Automatic 

bypass valve 
maintains 
lubrication 

at high rates. 
Automatic fill 
available to 
eliminate downtime 
and maintenance. 


This Watts combination assures the continuous 
supply of clean dry air, at a constant pressure, 
with just the right amount of lubrication at points 
of friction and wear, that pneumatic equipment 
requires today. 


You get high efficiency from the Watts line of 


| advanced-design air line filters, regulators, and 


“Perma Fog” lubricators. It’s the quality assembly. 
Complete range of sizes: 4%”, %”, 42”, %”, 1”. 
Write for more information. 


WATTS REGULATOR CO. 
Lawrence, Massachusetts, U.S.A. 
Spevialists in protection and control devices since 1875 
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Whatever the product, installation 
or application, use Surgepruf 
hydraulic components if you want 
the best! Surgepruf Non-Skive 
Hose and Shur-Lock Reusable 
Couplings reduce replacement 
downtime by offering fast, easy, 
on-the-job replacements. Surge- 
pruf Non-Skive Hose eliminates 
the need to remove outer rubber 
cover. Shur-Lock Couplings may 
be reused by removing old hose 
and reassembling on a new one. 
Together they provide one quick, 
simple assembly without man- 
drels or special tools. 


HYDRAULIC AND PNEUMATIC EQUIPMENT 


Surgepruf “Swaged-on” assem- 
blies can be supplied in any di- 
mensions for any application you 
name! Low, medium, medium- 
high and high pressure assemblies 
will be provided to your exact spe- 
cifications. Each is factory-assem- 
bled to speed-up replacement, 
each will provide the finest leak- 
proof seal with no braid exposure. 

All Surgepruf hose meet SAE 
Hydraulic Standards for working 
pressure and burst requirements. 
Hose temperatures range from 
—40°F. to plus 275°F. The com- 
plete selection of Surgepruf hy- 
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draulic components — Shur-Lock 
and “Swaged-on” assemblies, re- 
usable couplings, hose, adapters 
and connectors — are available 
nationally through your local 
Alemite Company and leading In- 


dustrial Distributors. — 
(was) 
eee 

rv TE ig - 


-—@recuiaanT 

= } « it ;if 

[Excellence]. CORPORATION 

Dept. AH-91, 1850 Diversey Parkway, Chicago 14, lll. 

In Canada: Stewart-Warner Corporation of Canada, Ltd. 
Belleville, Ontario 
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ELIMINATE THOSE PROBLEMS—reduce 
maintenance and down-time—step-up pro- 
duction and solve the problem of costly 
repairs and replacement of air tools. 


Compact package unit solves all 
three problems simultaneously. 

@ Regulates 

@ Lubricates 

@ Filters 


Easily installed—only 2 connections 
AIR EQUIPMENT and tools give top per- 
formance when the “working” air stream 
is 

accurately regulated 

efficiently lubricated 

and free of dirt, grit, scale and water. 


REGULATOR 


BALANCED PISTON regula- 
tor maintains accurate reg- 
ulation—balances air surges 


i 


“ae 


—automatic bieed-off. 
— long trouble-free 
service. 


FILTER 


DUAL FILTERING=-CYCLON- 
IC action—clean uncontam- 
inated air—eliminates costly 
repairs, maintenance and 
replacement of air tools due 
to dirty air. Less down-time. 


LUBRICATOR 
AUTOMATIC FOG MIST lubri- 


cation prevents rusting and 
scoring—reduces costly repairs 
and replacement of air tools. 
Won't flood. 


PSC complete line of single and combi- 
nation controls listed in Bulletin 80. Send 
for copy today. 


QUICK DISCONNECTS 


oti Cao at 


The fast, easy operating PSC Disconnects 
permit quick, economical making and 
changing set-ups. Less down-time—more 
production time. 


Ask for BULLETIN 1475 and get complete 
details and engineering data on PSC 
Disconnects. 


PERFECTING SERVICE CO. 


332 Atando Av Charlotte 6, N. C 
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DESIGN ABSTRACTS 


a substantial amount of research 
work not previously reported to the 
public. Separate chapters on the 
regular “carbon steel” and “‘low alloy” 
grade of steel castings discuss the 
properties and application of these 
two series in considerable detail. The 
advances of the past 10 years are 
evident in the material reported. Of 
particular note is the inclusion of 
high-strength alloys, which were 
mainly laboratory curiosities 10 years 
ago. There is a glossary of foundry 
terms and an appendix of engineering 
tables dealing with compositions and 
specifications for both wrought and 
cast steel. 


Ideas, Inertia and 
Achievement 


Report by F B Turck of a study sponsored by 
the ASME. American Society of Mechanical 
Engineers, 29 W 39th St, NYC 18 6 x 9, 
183 pp. $5. 


History is replete with the tales of 
children who turned against their 
fathers. This report is another ex- 
ample. This survey of “selected cor- 
porations, scientific institutions and 
individuals devoted to shortening the 
time lag between original scientific 
discovery and engineering application” 
proves fairly conclusively, at least to 
this reviewer, that the time lag is a 
minor problem. When there is a need 
for science, it is used; when there is 
a crisis, it is used faster. Again and 
again, the approximately 100 replies 
point out that the time lag is a straw 
man, that there are many more real 
problems—like classification and com 
munication. One respondent tells how 
he must go overseas to get reports on 
American 
classified here, another suggests that 
there should be better technical 
better edited and_ better 
selected. But the report hangs dog- 
gedly to its unsupported conclusion, 
as if its compilers weren’t paying 
attention 

The book has its values as an exhibi- 
tion of current opinion on a variety of 
problems and the ideas of informed 
men for their solution. The letters 
have been thoughtfully written. It 
would serve as an excellent basis for 
determining what the present-day 
problems in communication of tech- 
nological information really are and 

continued on page 583 


developments that are 


papers, 








NEW 
ENGINEERING 
CATALOG 


WRITE FOR YOUR COPY TODAY! Our new 
general catalog presents complete data on all 
products for easy selection of components to 
fill your pneumatic and hydraulic requirements, 
LYNAIR Series “A” and “H” cylinders offer 
the best in performance and maintenance free 
operation. Many advanced features that meet 
the most rugged tests are “standard” in all 
LYNAIR cylinders. There is a cylinder to cover 
almost every application with thousands of 
bore, stroke and cushion combinations avail- 
able. We also manufacture a complete line of 
Airdraulic cylinders, Boosters and Accumulators, 
Send for complete information. 


LY NAIR, inc. 


3100 E. MICHIGAN AVE. JACKSON, MICH. 
CIRCLE 802 ON READER SERVICE CARD 
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DESIGN ABSTRACTS..........continued 


proper directions for future study. But 
these studies should be undertaken 
with an open-mindedness which we 
seem to be so often lacking. The 
studies should be inductive, not de- 
ductive: we have too often the tend- 
ency to try to make events support 
a preconceived conclusion. 

The first part of the volume is 
simply a collection of extracts of what 
are obviously excellent letters. It has 
no index and the organization is poor, 
making reference difficult. Divisions 
include the problem, communications, 
management, the Soviet system (!), 
corporate planning, the _ institute 
approach. The last group of reports 
includes several foreign ones, and the 
last three groups are longer reports. 


—EJT 


Science Since Babylon 
DEREK DE SOLLA PRICE. Yale University 
Press, New Haven, Conn. 7 x 41/2. $4.50. 

As Professor of Yale University’s 
History of Science Dept, Dr Price 
has written an elegant plea for a 
deeper understanding of the science 
historian as a possible bridge between 
the “two cultures” described by C. P. 
Snow (PE—Oct 10 ’60, p 88). The 
history of science according to Dr 
Price is “the mid-region between the 
humanities and the sciences.” He 
proposes a new undergraduate major 
composed of one part science, one 
part humanities, and one part history 
and philosophy of science. Science 
is part of the central core of our 
world, the author savs. “Humanists 
of science at their research fronts 
might be able to diagnose the process, 
piece together parts of the mechanism 
of science, but only a public exposed 
in the colleges and schools to their 
findings about science can appreciate 
the depth and import of this cumula- 
tive activity that sets our culture 
apart from all that has come before.” 

The book is a compilation of five 
lectures delivered at Yale in the fall 
of 1959, and is certainly not intended 
to be a history of science. Rather 
it records a series of crises that Dr 
Price feels has affected the course of 
science, the birth of a “scientific 
civilization, the departure of science 
from the realm of pure thought, its 


transformation into scientific tech- 
continued on page 585 
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COMPARE 


THE 


ECON-O-MISER 


BALL VALVE 


WITH ANY OTHER 
ON-OFF VALVE 





Se | 


meee ee Seen aanenwed 


Qe 


Smooth round flow 





CLOSED 


t-., 


V4 turn 
*.. operation 
s 














2”-TO SCALE 




















CENTER TO TOP—OPEN 








Half million 
cycles 

not 

unusuol 








FLOW CHARACTERI f 
Smooth Round Two-Way Flow through the 
valve — minimum pressure loss and turbu- 


lence. 
COMPARE 


1% Turn Operation. Easily adaptable to re- 
mote control. Also, visual indication of open 
or closed position. 


hy Attn 


In-Line maintenance — simply remove four 
bolts and replace seats and seals in the 
center section, without disturbing the line. 
Serves as both vaive and union. 


COMPARE 


SIZE 


c 


MA AJ T 


Compactness for ease of installation in con. 
fined areas. Approximately 4 the height of 
a comparable gate vaive. 


COMPARE 


LIFE EXPECTANCY 


Half Million cycles not unusual with Econ-O- 
Miser. No scratching of metal-to-metal sur- 
faces — excellent for siurries and abrasive 
media. 


WRITE FOR COMPLETE TECHNICAL INFORMATION 


WORCESTE F 
VALVE co., Inc. 


16 PARKER STREET 
WORCESTER, MASS. 
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DUMONT self-aligning 
swivel fittings automatically 
compensate for any 
misalignment up to 14°. 


Every DUMONT self-aligning 
swivel has a 360° rotation 
with a comparatively low 
torque rating. 


DUMONT self-aligning units 
are available with several 
different configurations (any 
angle) and fitting ends to 
assure their flexibility 

and usefulness. 


DUMONT’S pressure balanced 
plane swivel, with its 360° 
rotation, develops less 
resistance to rotation, than any 
other known rotary connection. 


tt Olle me lene -\-s gietel i i-temglel. th 
Whether combined to form a an] o)(-> ame am eit -le ME laleiivale 
ually, these rotary 

ENGINEERING, « 

These units offer 


ing a aelec hal 


© PATENTS APPLIED FoR 


For complete information and specifications write or phone: 


DUMONT ENGINEERING 


DEPARTMENT £-1, 1401 FREEMAN, LONG BEACH, CALIFORNIA 
PHONE: SPruce 5-1131 * GEneva 3-4931 


584 CIRCLE 584 ON READER SERVICE CARD 


t “Flandou Fiftors inc. RYERREAD 


® No tooling charge 
Reliability 
All types of elastomers and fabrics 
Hundreds of standard sizes 
Hundreds of sizes and configurations 
— long and short stroke — in viton, 
polyurethane, fluorinated silicone, nitrile, 
and other synthetics — all molded on 
the unique, BELLOFRAM one-way-stretch 
stress-control element. Fast delivery — 
from stock, in many cases. 
Sizes and Strokes Temperature 
Area ranges: and Pressure 
.08 in? to 115 in? Temperature range: 
Stroke: —120°Fto + 650°F 
.001 to 14 inches Pressure range: 
Bore: 1” H.O to 500 PSI 
0.37 to 12 inches normal 





Write for our “DESIGN MANUAL” and 
“STANDARD DIAPHRAGM SIZE List” — FREE. 


ellofram. 


CORPORATION 
39 Blanchard Rd., Burlington, Massachusetts 
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COMPLETE FILTRATION FOR 
SUB MICRON PARTICLES 


| Hondo 
AIRPURE 


Absolute Filters 


Airpure absolute Filters combine the greatest dust 
holding capacity with the lowest resistance factor. 
* 15% more dust holding capacity because of 
larger filter medium area. 
* Filter medium has no binder to clog pores 
¢ Filter medium has low initial P.D. 


e Filter efficiency guaranteed to be 99.97% 
on 0.3 micron size particles (DOP) 
Rate it either way: 1000 CFM @ _ .75” W.G. 
1300 CFM @ 1.00” W.G. 
Many models available for a wide variety of 
applications. 


Send for free illustrated Filtration Catalog. 


FOREMOST PRODUCERS. OF ABSOLUTE FILTERS 


FOR AE INSTALLATIONS 


‘1 OP Gar: | 
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WATERMAN 


<> Cred 


REGULATORS 


Constant 
Speed 
( )peration 


regardless of load! 


At a cost comparable to an ordinary restrictor 
or needle valve, you can have pressure- 
compensated flow control in your hydraulic 
circuits. 
Rated for pressures to 3000 p.s.i. 
Wide range of sizes available—) 
N.P.T.F. and 4” to 1” S.A.E. tube 
Flows to 100 g.p.m. can be controlled. 


7" 4 


Factory-calibrated and tested to +10% tol- 
erance. Closer tolerance available. 


Require little more space than pipe or tube 
in which installed 


Trouble-free in operation—tens of thousands 


Unit senses pressure drop across precise 
orifice and reacts to control flow with 
desired limits. 


Send today for 
new Catalog 1002. 


w-eios 


725 Custer Ave., Evanston, Ill. 
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DESIGN ABSTRACTS 


nology, and the transition of 19th- 


century classical theories to the 
explosive multiplaction of our 20th- 
century article 
extracted from this book in the Mar 6 


issue, p 56).—BAL 


discoveries. (See 


Composite Materials and Com- 
position Structures 
Proceedings of the Sixth Sagamore Ordnance 
Materials Research Conference cosponsored 
by The Ordnance Materials Research Office 
and The Office of Ordnance Research of US 
Army. PB-161443. Office of Technical Services, 
Dept of Commerce, Washington 25, DC. 81/2 x 
11, 549 pp. $7. 

This research conference, conducted 
in August 1959, was the sixth of a 
series devoted to subjects on materials 
of primary interest to the US Army 
Ordnance Corps. The intent was to 
provide governmental and associated 
nongovernmental groups with an up 
to-the-minute, correlated picture of 
the fundamentals, the most recent ad 
vances and the probable future devel 
opments in the field of physical, 
metallurgical and mechanical behavior 
of composite materials and compositc 
strutcures. Special consideration was 
given to the theories, design requir 
ments and fabrication techniques of 
metallic and nonmetallic 
materials and structures under con 
sideration for ordnance 
Che scope of this conference included 


composite 
applications. 


metallic composites, glass-reinforced 
laminated and other plastic 


structures and materials for ablating 


plastics, 


composites. 


The New World of Math 


GEORGE A W BOEHM. Dial Press Inc, 461 
Park Ave South, New York 16. 54%” x 72", 
128 pp. $2.50 

Modern mathematics differs from 
what most people study in school, and 
the layman is seldom given the op- 
portunity to comprehend and enjoy 
the breadth and vitality of the new 
mathematics. The book, which orig- 
inated on the pages of FORTUNE 
magazine introduces the reader to that 
stimulating new world of math and 
outlines some of the work mathema- 
ticians are now doing in such fields 
as topology, a new form of geometry; 
linear programing, a study, which in 
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VALVES 


for reliable, precise regulated 
flow and pressure control of 


pressurized fluid. 


Manifold Valve Priority Valve 


Relief Valve Check Valve 


Flow Regulator Bleeder Valve 


Cartridge and Manifold 
Valves Produced To 
Exacting Specifications 


Illustrated above are a few typical 
valves produced by Fluid Regula- 
tors. hese compact, lightweight 
valves permit greater design freedom 
—reduced weight and cost—simplified 
circuitry, installation and servicing. 


As recognized specialists, Fluid 
Regulators has the creative ability, 
experience and facilities to produce 
valves that must operate reliably in 
the following ranges: 

Pressures: O to 5,000 psi 

Flows: Fractional to 250 gpm 

Temperatures: —300°F to +750°F 
Contact us whenever you have a spe- 
cific flow or pressure control problem. 


Write for detailed literature 


Frit sto 


CORPORATION 


313 GILLETTE STREET © PAINESVILLE, OHIO 
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\ 


CHECKS 


THAT FILL YOUR NEEDS 


MINIATURE CHECKS 


; 
‘ple f 


ee ™ f j Bitte; | 


B/i/// ieee igo 
t 


Mini-Vaive Regular Size Valve 


Save weight and space with Mini-Valves. They have same 
rated flow as regular size, but are only 14 the size and 
weight. Good pressure drop characteristics. Temp. range 
65° to plus 400°F. Operating pressure to 5000 psi. One- 
piece stainless steel body, in tube sizes 4 to 16 (14” to 
1” O.D.) Meets or exceeds requirements of MS MIL-V- 
25675. Port threading MS33514 flareless. 


FREE-FLOW CHECKS 


Extremely low pressure 
drop, with wide open flow. 
Molded elastomer seal and 
spherical) seat prevent 
leakage at any pressure. 
Sizes 44" to 2” in brass and 
aluminum alloy up to 
3000 psi, and stainless steel to 4000 psi. Opens at 2 psi. 
Temp. range -65° to 200°F. Pipe, internal straight thread 
and flared tube connections standard; MS33514 flareless 
available. 


BALL CHECKS 


Ruggedly constructed for 
intermittent non-shock 
hydraulic service up to 500 
psi at temperatures -—65” 
to 350°F. Sizes 4" to 4". 
Brass, aluminum alloy, 
stainless steel. Pipe and flared tube connections. 


HY-PRESSURE 
CHECKS 


Built for continuous serv- 

ice in high velocity sys- 

tems at pressures up to 

5000 psi in steel and stain- 

less steel, and 3000 psi in 
aluminum alloy. Low pressure drop. Metal-to-metal seal. 
Operating temperatures -65° to 250°F. Sizes %" to 2”, 
with pipe, internal straight thread and flared tube connec- 
tions. MS33514 flareless available. 


Distributors in principal cities coast to coast 


CHECK RELIEF SELECTOR GLOBE NEEDLE PLUG 


— a 4 Z® 
3 REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD «© CLEVELAND 393, OHIO 


586 CIRCLE 586 ON READER SERVICE CARD 





oF F ay . 7 
© ter LONG LIFE, \\ 


ROTARY JOINTS 


” Type D 


BARCO is HEADQUARTERS for Rotary Joints! 

Types ... Sizes . .. Styles for every purpose: 

Type C—Top performer in industry for dryers, dry cans, rolls, 
and drums. Threaded ends, 14” to 3”. Syphon or single 
flow. Steam, water, oil, air, gas, or chemicals. Also Type CR 
for rotating syphon. 

Type CF—Flanged end connection for easy installation. 114”, 
2”, 2144", 3”. 200-225 psi. 

Series 300— Large size, up to 2144” x 2!4", 300 psi joints for 
circulating liquids. To 600° F. 

Type CC— New heavy duty rotary joint for handling shock 
loads on calender rolls. 

Types D - E—High speed, ball bearing 4” rotary joints for 
hydraulic fluids, coolants, and compressed air on spindles, 
drills, and clutches. 


rile * Send for latest catalogs. BARCO MANUFACTURING CO. 
527K Hough Street . Barrington, Wlinois 
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THE FITTING 
THAT “THINKS 
FOR ITSELF” 


Oring Seat’ 
TUBE FITTINGS 


Only LENZ gives sep- 

arate Seal and Grip... 

Fits any tube wall 

thickness...no metal 

to metal seal...no 

exact tube length nec- 
3} essary... reusable! 


SEALS The Tube! 


The higher the pres- 
sure the tighter this 
O-Ring seals! 


a GRIPS The Tube! 


The higher the pres- 
sure the stronger this 
split, tapered ring 
grips and locks! 
In a complete range of sizes of Connectors, 
Unions, Elbows, Tees, Crosses and Reducers! 


. The LENZ Company 
Write Today for 3307 Kiepinger Road 
FREE Catalog of Dayton 1, Ohio 


Complete Tube Phone: CR 7-9364 
iti ; For Nearest Distributor See 
Fitting Line Thomas Register A-Z Section 


See Fluid Power Directory for Complete Catalog 
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its practical applications can route a 
salesman or tell an oil company how 
many barrels of oil to manufacture 
and where to ship them; and in the 
development and future of comput- 
ing machines. 

The book also discusses the “group” 
concept, an important and useful ab- 
straction of modern mathematics; the 
probability theory, and the number 
theory; and it tells of the work of such 
outstanding twentieth-century mathe- 
maticians as von Neumann and Hil- 
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BEST WAY TO 
SEAL HOLES! 


pari) 


Simply place plug in reamed 
hole. Drive in tapered pin until 
ends are flush. Controlled ex- 
pansion causes grooves to 


bert. Also included is a special ap- 


“bite” into casting, assures a 
pendix of nine short essays which go B 


™ or bone d al the é 

more deeply into some of the con- e ory ee) Se 

cepts and techniques of modern pressures. up t0 “U\Guw pet. 
Now widely used on aircraft 


mathematics — the highlights, the 
problems and some of the paradoxes. and missiles, and for pumps, 
servo valves, regulators, etc. 


Pat 2,821,323 


WRITE TODAY 
FOR 
COMPLETE 
ENGINEERING 
DATA 


Other Books of Interest 


Symposium on Hydraulic Fluids 


American Society for Testing Materials, 1916 
Race St, Philadelphia 3. 6 x 914, 102 pp. $3 
members; $3.75 others. 


German-English Science 
Dictionary 


L DeVries. McGraw Hill Book Co Inc, 330 W 
42nd St, New York 36. 5 x 734, 592 pp. $7 
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Periflex Sealing i: 
Specialists can help = i 
you Engineer Optimum fiigumenel 
Reliability into Your persis 
Hydraulic & Pneumatic [iiieeves 
Products 


Barriers to Creativity 


Industrial Relations News Inc, 230 W 41st St, 
New York 36. 81/2 x 11, 32 pp. $1.50. 


Decade-counter-tube Handbook 


Sylvania Electric Products Inc, 1100 Main St, 
Buffalo. 8Y2 x 11, 12 pp. 15¢. 


Research Program on 
High-Vacuum Friction 

PB 161116. Office of Technical Services, Dept 
of Commerce, Washington DC. 8 x 102, 122 
pp, plus appendices. $3. 


Development of Low-alloy Steel 
Compositions Suitable for 
High-strength Steel Castings 

PB 161044. H R Larson, R C Campbell, H W 
Lloyd. Office of Technical Services, Dept. of 
Commerce, Washington, DC. 81% x 10%, 106 
pp. $2.50. 


SPECIAL SIZE 
“OO” RINGS 


Proceedings of the Engineering 
Materials and Design Conference 
(England) 

Heywood & Co Ltd, Drury House, Russell St 
London WC 2. 8 x 13, V2 in. thick. Approxi- 
mately $5.70. 


Periflex a 
field in design and development. We 
would like to work with you. 


Periflex- Inc 


HAZEL PARK 
MICHIGAN 


An Improved First-approximation 

Theory for Thin Shells 

J L Sanders Jr. Superintendent of Documents, 
Govt Printing Office, Washington 25, DC. 8 
x 10/2, 11 pp. 30¢. 
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TWO WIDELY ACCEPTED 


SPECIALIZED 
HYDRAULIC 
PRODUCTS 


HYDRAULIC PACKINGS 
.. LeQAMhOv \MPREGNATED WITH 
THIOKOL, ACCRILOIDS, SILICONES, 
or WAX FORMULAS 








Detailed engineering data and specification sheets furnished on request 


EXCELSIOR LEATHER WASHER MFG. CO. OWL FILLER & HYDRAULIC 
ROCKFORD, ILLINOIS (Established 1916) AIR FILTER CAP CIRCUIT—AIR 


ASSEMBLIES 


For hydraulic fluid 
and oil reservoirs 
.. Vented breather 
cap, twist lock on 
close neck flange, 
cadmium plated 
steel. 30-mesh, 
brass. wire filter, 
3” deep, 1',"dia 





BLEEDER VALVE 


Eliminates air from 
lines and equip- 
ment where the air 
accumulates at the 
highest point. Es- 
pecially needed 
when starting a 
system. Compact, 
has only two parts. 


Write for Full Details and Catalogs 
A Full Line Manufacturing Specialist In 
Tube, Hose & Pipe Fittings 

THE LENZ company 

3303 Klepinger Road e Dayton 1 e Ohio 
Phone: 277-9364 

For Nearest Distributor See Thomas Register A-Z Sect. 
See Fluid Power Directory For Complete Catalnos 
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GASKETS and WASHERS 


. «+ Cut from all types of non-metallic materials, such as: 
Leather © Accopac ¢ Asbestos © Rubber ¢ Silicone 
Nylon ¢ Fibreglass © Felt ¢ Fibre ¢ Cork © Vinylite 


Tefion @ Viton “A” © Mylar, etc. 
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NEW Martin-Decker Precision 
Test Gauge 


makes pressul ? 
readings 


25% More 
Accurate 


PRESSURE pee 
SNUBBER one tie, the 


25.13” Scale Length 


12” Dia. Dial — 
36.91” Scale Length 


360° Calibration makes Martin-Decker Scale 
25% longer—gives 25% greater readability than 
models with 270° scale. 

Ni-Span C Bourdon tube is temperature-stable, 
corrosion-resistant — superior to other alloys. 
Tube tip bleed is standard equipment. 
Movement calibrated to dial, with an accuracy 
of + 0.15% or better. 

Uniform linear increments. Protected front 

zero adjust. 

Capacities from 60 PSI to 15,000 PSI. 

Find out why more and more 0.E.M. designers 
specify Martin-Decker Precision Test Gauges for 
measuring gas and fluid pressures. 


SMALL, COMPACT 
INEXPENSIVE 
RESISTS 
CORROSION 
EASILY CLEANED 
NO MOVING 
PARTS 
CONFORMS WITH 
U.S. NAVAL 
SPEC. MIL-D-2940A 

AVAILABLE 

Popular uses: dampening pulsations and IN STAINLESS 

surges; for mercury manometers, meter STEEL, BRASS, 

ing, and filtering small quantities of DURAL 

liquids or gases OR MONEL 


Now! CHEMIQUIP, 

THE ORIGINAL 

GIVES YOU TYPE 316 
POROUS DISCS, EXCLUSIVELY 


Big scale 
readings in small 
scale space! 


te grantor Resurney! 


© Requires less 
panel space! 


Write for MARTIN 
ARTIN Technical Brochure T159 DECKER 
PRECISION 
Precision Pressure Instruments Ped 
Testing — Weighing — GES 
Load and Force Measurement 


MARTIN-DECKER CORPORATION + 3431 Cherry Ave., Long Beach 7, Calif. 
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What they do: Chemiquip pressure snub 
bers give steady average pressure read- 
ing—smooth out pressure impulses and 
fluctuations—eliminate pressure gauge 
failure due to shock—remove harmful 
solids from actuating fluids. Available 
in Ve", Va" and Vo" NPT 


Write today for illustrated fully-detailed Bulletin 8-55 
CHEMIQUIP C0 Oy 36 East 10th St., New York 3 
s GRamercy 7-3772 
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Sources of editorial material 


Editorial materia] for this Design Digest Issue was 
gathered from a wide assortment of publications and tech- 
nical society and association papers. While not every pub- 
lication or technical society listed below is represented in 
this current issue, each helped considerably in providing 
a background of engineering trends and developments in 
their fields. 


TECHNICAL PUBLICATIONS CORROSION ISA JOURNAL 


National Association of Corrosion Instrument Society of America 
Engineers 313 Sixth Avenue 
M & M Building, Houston 2, Texas Pittsburgh 22, Pa. 


DESIGN ENGINEERING IBM JOURNAL OF RESEARCH 
481 University Avenue AND DEVELOPMENT 
Toronto 2, Canada 590 Madison Avenue 

New York 22, New York 


ADVANCED MANAGEMENT 
Society for Advancement of 
Management 
74 Fifth Avenue ELECTRICAL ENGINEERING 
New York 16, New York AIEE INCO MAGAZINE 

33 West 39 Street, New York 18, N. Y. International Nickel Co., Inc. 
67 Wall Street 
New York 5, New York 


AEROSPACE ENGINEERING 
Institute of the Aerospace Sciences ELECTRONIC ENGINEERING 
2 East 64 Street, New York 21, N. Y. 28 Essex Street 

Strand, London, W.C. 2 INSTRUMENTATION 
Minneapolis-Honeywell Regulator Co. 
Wayne and Windrim Avenues 
Philadelphia 44, Pa. 


ALLIS-CHALMERS ELECTRICAL 

REVIEW ENGINEER (Western Electric) 
Allis-Chalmers Mfg. Co. 195 Broadway 

Milwaukee, Wisconsin New York 7, New York 
INSTRUMENTS AND CONTROL 
SYSTEMS 

845 Ridge Avenue 

Pittsburgh 12, Pennsylvania 


APPLICATIONS AND INDUSTRY JOURNAL OF ENGINEERING 
American Institute of Electrical EDUCATION 

Engineers Prince and Lemon Streets 

33 West 39 Street, New York 18, N. Y. Lancaster, Pennsylvania 
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THE DESIGN ENGINEERS’ 
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This new Product Engineering service is designed to: 


tell you what catalogs, bulletins, and other design 
engineering information you can obtain from 
suppliers 


help you find sources of supply for parts, mate- 
rials, components, and finishes 


enable you to determine—by title, content, catalog 
or bulletin number, and pages of material—wheth- 
er literature you now have is still current and 
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tion lists catalogs and bulletins under Product Head- 
ings, giving the name of the supplier. The second 
section is an Alphabetical Index of suppliers with 
their catalogs and bulletins listed under each com- 
pany name, and address. The page number of the 
supplier’s advertisement is also listed for your fur- 
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3186-01 


ACTUA 
0198-01 
0198-01 
6682-01 
6682-01 


DESIGN ENGINEERS’ PRODUCT CATALOG INDEX 


PRODUCT 


---OF MANUFACTURERS’ 


FREE LITERATURE 


INDEX 








Code Numbers at the left of the listings are for reader use in requesting 
catalogs and bulletins. Just write them in the spaces provided on the 
Reader Service Cards immediately preceding this Index. 








TORS 
Actuators, rotary & linear, AC & DC (Bulletin A-3, 2 pp.)}-Globe industries, inc. 


TORS, ELECTRICAL 
ROTORAC: Rotary Solenoid, 1202. in. &6 in, Ib. (Bul. PS-7A, 4pp.)-Airborne Access. 


Forced Gradient for Helicopter attitude (Bul. PS-3A, 4 pp.)-Airborne Accessories Corp. 
Thermal type: fast response to temp. change, compact(Bul.#1)-Standard- Thomson 
Electrothermal: miniature; large thrust; long stroke (Data Sheet)Standard- Thomson 


ACTUATORS, AIR & HYDRAULIC 


2457-01 
2849-01 
4362-01 


ROTAC Rotary Torque Actuators-Apo!lication Data (Cat. 26282-A, 18 pp. }-Ex-Cell-O Corp. 


Actuators - Diaphragm type for valves, dampers, etc.(Bul. SF-763)-Fulton Syiphon Div. 
Pneumatic rotary actuator completes 90° stroke in milliseconds, 120 PSIG, 7 in. 50 Ibs. 
torque (Bul. P.A. 50, 1 pp.)-Ledex Co. 


0162-01 
0549-01 
6750-01 
7556-01 


2110-01 
3216-01 
3216-02 
3216-03 
3216-04 
5022-01 
5022-02 


6394-01 


0756-01 
4518-01 


6750-01 


3690-01 


5934-01 


Design Data on Adapters & Tube Fittings - all kinds (Bul. 655, 12 pp.}Aeroquip Corp. 
Adapters, Adapter Unions, Pipe Fittings (Cat. 206, 36 pp.}Anchor Coupling Co. 
Adapters - Dual Drive, Rt. Angle, etc. Circle Ess"-F. W. Stewart Corp. 

Power Take-Off, Dual Speed or Spec. Design - Warmer Automotive Division, Borg-Warner 


Silicone; pressure-sensitive, heat-stable and dielectric for bonding and tape making 
(Phamphiet 4-614, 6 pp.)-Dow Corning 
Properties of PLIOBOND liquid Adhesive.(Bul.P#-2, 2pp. & PB-3, 2pp.)Goodyear 
PLIOTAC Contact Adhesive-for a variety of bonding problems(Bul.PB-4, lpp.)}-Goodyear 
PLIOSOND H.T. 30 - Thermocuring Adhesive, full details(Bul. PB-5, 2 pp.)}-Goodyear 
PLIOBOND all-purpose thermoplastic Adhesive. (Data Book PB-6, 16 pp.)}-Goodyear 
Adhesives-Coatings & Sealers: Gen. properties (Cat. Z-ABD, 8 pp.}»3M Company 
SCOTCH-WELD Structural Adhesives, data sheets (Cat. Z-SAM)}3M Company 


ALLOYS 
Aluminum Mill Products, lists alloys, tempers, sizes, and manufacturing limits 
(Bulletin 141-228}The Dow Metal Products Company 
Aluminum Silicon Bronze Special Alloy 802, des. data(Bul., 2 pp.)Mueller Brass Co. 
TUF-STUF (aluminum bronze alloys) applications & data (Cat. 7 pp.)-Mueller Brass Co. 
Extruded Aluminum Shapes-Endless Variety (Bulletin 6101)}-Precision Extrusions, Inc. 


“Platinum-ized” Titanium Mesh Anodes, data (Bul. PLT-1, 3 pp.)}Sel-Rex Corp. 


BALL-LOK Quick Release Pins (Cat. 10 pp.)-Avdel, inc. 

Ratchet Cranking Devices as component assemblies(Brochure C-52, 6 pp.)- 
Lowell Wrench Co. 

Flexible Shaft Assemblies ‘Circle Ess’’-F. W. Stewart Corp. 


Precision Balls: Vescription of types, technical data conversion table & ball 
selector chart (Cat. 16 pp.)-Hartford Stee! Bal! Co. 

Hoover Balls - Complete specifications, chrome, stainless, carbon steel, brass, bronze, 
mone! (Cat. HBBM 9, 20 pp.}-Hoover Ball Div. 

Control Knobs and Mechanical Components, (Cat. 1016, 4 pp.)Raytheon Co. 

ATLAS Balls: General information-hardness, grades, and tolerances on balls of 
various materials, Glossary of definitions. (Cat. 494, 16 pp. }SKF Industries, inc. 


0891-01 
0891-02 
0891-03 
6286-01 


6381-01 


SPLINES 
Ball Screws, Special precision (Design and Data Catalog)Beaver Precision Prod., Inc. 
Ball screws, standard sizes and prices (Brochure)-Beaver Precision Prod., Inc. 
Ball splines, standard and special (Design Catalog)}-Beaver Precision Prod., inc. 
Ball Bearing Screws & Splines: Engineering Design Guide (28 pp.)complete selection 
charts, graphs, and installation methods - Saginaw Steering Gear Div., G.M.C. 
SUPER-CISION Recirculating Ball Screws (Bulletin 25-50, 2 p.)-Scully-Jones and Co. 


BARS, METALLIC 


4338-01 
4338-02 
4338-03 
4338-04 
4338-05 
4338-06 
§994-01 


1561-01 


BEARING MA 
1 


4095-0 
4095-02 
4095-03 
5148-01 
6300-01 


5148-01 


“e.t.d." - 150 Alloy Stee! Bars (Bulletin 22)-La Salle Stee! Co. 

**e.t.d."" - 180 Alloy Stee! Bars (Bulletin 23)-La Salle Steel Co. 

“How To Make Your Own Machine and Repair Parts” (Bulletin 21}La Salle Steel Co. 

FATIGUE-PROOF-"A New Material” (Bulletin 10, 24 pp.)-Lw Salle Steel Co. 

“Improve Quality, Cut Costs with STRESSPROOF™” (Bul. 15, 14 pp.}LA Salle Steel Co. 

STRESSPROOF Stee! Bars (An Engineering Report, 12 pp.)-1.a Salle Steel Co. 

Family of 5 Grades, Cold-F inished, Stress-Relieved Stee! Bars (Cat., Adv. 1060)- 
Republic Steel 


'Y CHARGERS 
Fully automatic & static for any type battery (Bul. BC60-1)}Christie Electric Corp. 


METALLIC 
Bronze Bars, solid & tubular, 13 in. over 400 sizes (Broch. JBL 1}Johnson Bronze Co. 
Bronze Bars, continucast, solid & tubular, 105 in. (Broch. JBL 14)}Johnson Bronze Co. 
Bronze Bars, aluminum, solid & tubular, 13 in. over 125 sizes-Johnson Bronze Co. 
600 Series Bearing Alloys, desc. & tech. data(Cat. 3000, 20 pp.)-Mueller Brass.Co. 
Centrifugally Cast Cylinders: Alloys, sizes, specs.(Bul. 500, 28 pp.)}-Sandusky Foundry 


AIR 
Sintered Metal Products, general description(Ad. 339, 2 pp.)-Mueller Brass Co. 


BEARINGS, BALL 


0180-01 
0891-01 
2061-01 
3528-01 
3528-02 
3690-01 


3690-02 
3690-03 
3690-04 


4171-01 
4171-02 
4455-01 
4770-01 
5270-01 
5270-02 
5270-03 
5270-04 
6268-01 


6268-02 
6268-03 


Aetna Bearings-(General Catalog & Engineering Manual)-Aetna Ball & Roller Bearing Co. 

Ball way bearings (Design and Data Brochure}Beaver Precision Prod., inc. 

Dodge Dependable Mounted Bearings (Bul. 10A, 80 pp.}-Dodge Mfg.Corp. 

Ball Bearings: Complete Design Specifications (Bul. BB-61, 12 pp.)}-The Heim Co. 

Spherical Bearings and Rod Ends: Design Specs. (Bul. 561, 36 pp.) The Heim Co. 

Hoover Bali Bearings - Complete specifications, all types (Cat., 66 pp.}-Hoover Bal! 
and Bearing Co. 

Hoover R & 30 Series Bali Bearings - Complete specifications (Bulletin 112, 4 pp.} 
Hoover Bal! and Bearing Co. 

Hoover Extra Light Ball Bearings - Complete specifications, (Bulletin 108, 4 pp.) 
Hoover Ball and Bearing Co. 

Hoover Pillow Block & Flange Ball Bearings - Complete specifications (Bulletin 106, 
4 pp.}-Hoover Ball and Bearing Co 

Reali-Slim “‘off the shelf’ bearings (Bulletin #54)-The Kaydon Engineering Corp. 

4-i 78" diameter special bearings (data on request)}The Kaydon Engineering Corp. 

Ball Bearing cillow blocks & units-(Cat.25500, 36pp. & 2951, 4pp.)-Link-Belt Co. 

Precision Ball Bearings-Engrg. to application (Cat. 52A, 144 pp.}-McGill Mfg. Co. Inc. 

Aircraft Ball Bearings (Cat. ABC, 16 pp.)-New Departure Div. GMC 

Farm implement Ball Bearings (Cat. FIC, 26 pp.)-New Departure Div. GMC 

Conveyor Ball Bearings (Bulletin CB, 4 pp.)-New Departure Div. GMC 

Adapter Bal! Bearings (Bulletin TE, 4 pp.)}-New Departure Div. GMC 

Thin-Section Precision Ball Bearings (Cat. 59-A). Space saving, low torque bearings of 
patented SBB high capacity design; bores 3/8’’. SBB Div. of MPB, Inc. 

ALINABAL Rod Ends and Spherical Bearings (Cat. 102), patented SBB design for im- 
proved performance and high capacity. SBB Div. of MPB, inc. 

High Capacity Precision Ball Bearings: metric series 000, 100, 200, 300 (Cat. HOR- 
60)-Patented SBB high capacity design for longer life. SBB Div. of MPB, Inc. 

Design Engineering Data on capacities and tolerances. Installation, lubrication, and 
maintenance instructions (Cat. 425, 336 pp.)}-SKF Industries, Inc. 

Aero/Space Bearing Applications. Design data. (Cat. 461, 43 pp.)}SKF Industries, inc. 

Self-aligning MONOBALL Bearings and Rod Ends (Cat.551, 60 pp. Southwest Prod. Co. 

SPHERCO Bearings: Spherical Bearings, Rod Ends(Bul., 560)-Stephens-Adamson 

SEALMASTER Bearings: "’L” Series, quality, low cost(Bul., 359)-Stephens-Adamson 
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JEWEL 
Precision Jewel Bearings (Cat., 24 pp.}-Richard H. Bird & Co., Inc. 
24 pages of engineering data on the selection of sapphire and glass jewe! bear- 
ings, where and how they should be used. Includes descriptions of jewel assemblies 
and standard screw sizes, shock-proof mountings for high impact resistance, standard 
and custom jewel sizes, and typical instrument mounts. 


0945-01 


MINIATURE 

MINA Bearings - Low Cost ABEC 3 precision miniature Bearings. (Cat., 111)-MINA 
Bearing, 2 Division of MPB, inc. 

Miniature Precision Ball Bearings-Over 500 types and sizes (Cat. 6, 64 pp.)}-Complete 
dimensions and extensive engineering and application data-MPB, Inc. 

MPB Engineering News: Latest developments in miniature precision bearing engineering 
ad applications. Published bi-monthly for designers using miniature and instrument 
sizes of high precision ball bearings-MPB, Inc. 

Miniature/instrument Bal! Bearings (Cat. M/! 48 pp.)-New Departure Div. GMC 

Design and Purchasing Manual - Authoratative Guide: designing around, specifying, & 
Purchasing miniature and instrument bal! bearings. Easy-to-read tabulation lists 370 
bearings. Included: 22 engrg. bulletins written by bearing engineers on latest develop- 
ments in lubrication, load, ratings & fits, bearing roundness, speed, other factors 
affecting the performance and life of miniature and instrument bal! bearings. 

New Hampshire Ball Bearings, Inc. 

REED !nstrument Bearings: Full engrg. data on Miniature and inch Series Bal! 

Bearings and Special-purpose Bearings.(Cat.485, 12 pp.)-Reed Instrument Bearing Co. 


5004-01 
5004-01 


5004-02 


BEARINGS, NEEDLE 

4171-01 Low priced Thin-Shells (Bulletin S-103, 4 pp.) The Kaydon Engineering Corp. 

4171-02 Nyla-Rol nylon thrust (data on request} The Kaydon Engineering Corp. 

4770-01 Needle Roller Bearings-Engrg. Specs.(Cat. 52A, 144 pp.)}-McGill Mfg. Co. 

5490-01 Roller Beatings, complete line (Cat. M-59, 48 pp.)}-Orange Roller Bearing Co., Inc. Eng. 
data on full type and cage type needle bearings, 1/2” to 8°* shaft dia. 

Needle Bearings, Aircraft Bearings, Cam Followers (Cat. 558, 76 pp.) Torrington Co. 

Needle Thrust Bearings & Races - Washer Thin(Cat. 759, 6 pp.) Torrington Co. 


7101-01 
7101-02 


BEARINGS, ON-LESS & SLEEVE 
1566-01  OILITE Self-Lubricating Bearing Stock List (S-60, 20 pp.). Contains 1066 standard 
sizes of OILITE self-lubricating bearings. Solid and cored bar stock, discs, plates, 
strips. Engrg. data, selection guide. Amplex Division, Chrysler Corp. 
Dodge Dependable Mounted Bearings (Bul. 10A, 80 pp.}Dodge Mfg. Corp. 
Sleeve Type Half Bearing Design Guide 
Materials, size standards, design features - Federal-Mogu! Division 
GRAPHALLOY Oilless, minus 450° to 750°F(Cat. 4, 52 pp.)-Graphite Metallizing Corp. 
Bearings, cast bronze alloy (Broch. JBL-24 ano data sheet}Johnson Bronze Co. 
Bearings, continucast bronze(Broch. JBL 36)-Johnson Bronze Co. 
Bearings, aluminum on steel (Brochure JBL 25}Johnson Bronze Co. 
Bearings, thin-wall bi-metallic, clearances & tolerances (Broch. JBL 40) 
Johnson Bronze Co. 
Bearings, bi-metailic, strength & testing data (Brochure JBL 41)-Johnson Bronze Co. 
Load-carrying capacity of bearing materials (Brochure JBL 47}Johnson Bronze Co. 
Ferrous & non ferrous powder metal parts (Brochure JBL 4)-Johnson Bronze Co. 
Bearings, st. and stock powdered bronze (Brochure JBL 13}Johnson Bronze Co. 
Bearings, Textile machinery (Brochure JBL 9)-Johnson Bronze Co. 
Self Lubricating Non-metallic Bearings of Lignum-Vitae(Bul.707-8pp.)- 
Lignum-Vitae Corp. 
Sleeve Bearings-pillow & flanged blocks (Folder 2823, pp. )-Link-Belt Co. Dept. PED. 
Carbon Specialties: Bearings, contacts, brushes, etc, (Bul., 12 pp.)-Morganite, inc. 
Self-aligning DYFLON Bearings and Rod Ends (Cat. 551, 60 pp.}Southwest Prod. Co. 
Self-Aligning Ball Bushings - industrial and Aircraft (Cat. 961, 6 pp.) Torrington Co. 
Pillow block bearings, bearing mountings. (Bulletin PB-360, 8 pp.)-Triangle Mfg. Co. 


2061-01 
2610-01 


3258-01 
4095-01 
4095-02 
409-03 
4095-04 


4095-05 
4095-06 
4095-07 
4095-08 
4095-09 
4428-01 


4455-01 
5103-01 
6579-01 
7101-01 
7155-01 


BEARINGS, PLASTIC 
2052-01 Basic shapes, fabricated parts in Rulon and Teflon(Cat. 9572, 4 pp.)}Dixon Corp. 


BEARIUM METALS 
0882-01  Bearium Metal: Cored and solid bars, centerless ground rods, machine parts, and 
pattern castings (‘"Bearium Meta! Story’’}-Bearium Metals Corp. 


BEARINGS, ROLLER 

0180-01 Aetna Bearings-(Genera! Catalog & Engineering Manual)}-Aetna Ball & Roller Bearing Co. 

0891-01 Roller way bearings (Design and Data Brochure}-Beaver Precision Prod., inc. 

2061-01 Dodge Dependable Mounted Bearings (Bul. 10A, 80 pp.)}-Dodge Mfg. Corp. 

3690-01 Hoover Spherical Roller Bearings - Complete specifications (Bulletin 113, 16 pp.) 
Hoover Ball and Bearing Co. 

Reali-Slim “‘off the shelf’ bearings (Bulletin #54)-The Kaydon Engineering Corp. 

4-178" diameter special bearings (data on request} The Kaydon Engineering Corp. 


4171-01 
4171-02 


PRODUCT ENGINEERING - SEPTEMBER 4, 1961 


..-OF MANUFACTURERS’ FREE LITERATURE 

Spherical Roller Beatings-Mounted & Unmounted(Bk.2760, 52 pp.)-Link-Belt Co. 

Needle Roller Bearings-Engrg. Specs.(Cat. 52A, 144 pp.)-McGil! Mfg. Co. 

Roller Bearings, complete line (Cat. M-59, 48 pp.)}-Orange Roller Bearing Co., inc. Eng. 
data-steggered, needle, journal, thrust, cam followers, cam yoke rollers. 

Roliway Radial and Thrust Bearings: Full line (Cat, PL-559}Rollway Bearing Cc 

Rollway Precision Radial Roller Bearings (Cat. PR 456-0C}-Roliway Bearing Co. 

Rollway Precision Thrust Roller Bearings (Cat. PT-659)}-Roliway Bearing Co. 

Rollway inch & Metric Bearings (Cat. SC-858)-Rollway Bearing Co. 

Rollway TRU-ROL low cost Prec.Roller Bearings (Cat. TR-854-DC)}-Rollway Bearing Co. 

Rollway AIR-ROL Precision Aircraft Roller Bearings (Cat. AR-159)-Rollway Bearing Co. 

Design Engineering Data on capacities and tolerances. Installation, lubrication, and 
maintenance instructions. (Cat. 425, 336 pp.)}SKF Industries, Inc. 

Aero/Space Bearing Applications, Design data. (Cat. 461, 43 pp.}SKF Industries, Inc. 

TYCHOWAY Recirculating Roller Way Bearings (Bulletin 22-50, 4 pp.)-Scully-Jones and Co 

Tapered Roller, Cylindrical Roller, Ball Bearings(Cat. 160, 166 pp.)- Torrington Co. 

Self-Aligning Spherical Roller Bearings (Cat. 258, 48 pp.) Torrington Co. 

Heavy Duty Roller Bearings in Needle Bearing Sizes(Cat. 361, 8 pp.)- Torrington Co. 

Drawn Cup Roller Bearings for % to 2 in. shafts(Cat. 659, 6 pp.)}-Torrington Co. 


4455-01 
4770-01 
5490-01 


6206-01 
6206-02 
6206-03 
6206-04 
6206-05 
6206-06 
6273-01 


6273-02 
6381-01 
7101-01 
7101-02 
7101-03 
7101-04 


BELLOWS 

2727-01 Application & Selection of FLEXON Bellows (Catalog 155, 20 pp.)-F lexonics 

2849-01  Syiphon Bellows and Assemblies - Handy design reference (Cat. R)-Fulton Syiphon Div. 
6682-01  Beliows & Devices for temp. control, seals, valves, (Data Sheets)-Standard- Thomson 


BELTS, FLAT 
3216-01 COMPASS Flat Transmission Belts, wide range of weights(Bul. 502, 4 pp.)-Goodyear 


BELTS, 


3216-01 Positive Drive, rubber & steel, sizes 1/5”-1\%"' pitch. (Bul. S$-51156, 4 pp.)}-Goodyear 


BELTS, VEE 
1953-01 Handbook of Dayton U-belt drive, design & selection (Cat. 280-B, 180 pp.} 
Dayton industrial Products Co. 
New HP Rating for Selection & Design of Dayton Drives (Cat. 280-B Supplement)- 
Dayton industrial Products Co. 
Dayton POLY-U-Drives (Catalog 240, 54 pp.)- Dayton Industrial Products Co 
Dodge FHP Sheaves and FHP SEALED-LIFE Belts (Bul. A687, 4 pp. Dodge Mfg. Corp 
V-Belt Drives, Sheaves, SEALED-LIFE Belts (Bul. A661, 108 pp. Dodge Mfg. Corp. 
DYNA-V: Dodge V-Belt Drives, | to 1500 Hp. (Bul. AG95A, 40 pp.)-Dodge Mfg. Corp 
Worthington-Goodyear, Cat. (Bulletin 7905-82, 28 pp.)-Worthington Corporation. 


1953-02 


1953-03 
2061-01 
2061-02 
2061-03 
7902-01 


BI-METALS 
1404-01 Thermostatic Bi-Metals(’’Information Booklet’’ 42 pages Design data & applications or 
more than 40 types)-W. M. Chace Company 


2403-01 WILCO THERMOMETALS, or bi-metals (“"Thermometals”, 8 pp.)}-Englehard inds., Inc. 


BLOWERS 
Electrical Components:Motors, Relays-F ull Line(indexed Cat.,60 pp.)}- Barber-Colman Co. 
Blowers, smal! electronic cooling, ai! types (Cat. 8-2, 25 pp.)Globe industries, inc. 
Complete Line of Sub-Fhp. Blowers and Motors including specifications, dimensional 
diagrams and performance curves.(16-page Catalog)-Heinze Electric Company 
Propeller blades, desc. of complete |ine with data & applications (Cat., 12 pp.} 
Meier Div., The Lau Blower Co 
Squirrel Cage Blowers, Blower Housings, Blower Bearing Brackets, Pillow Blocks, 
Constant and Variable Speed Pulleys & LAU PAK GOLD SEAL Bearings 
(Cat., 12 pp.)- The Lau Blower Company 
High-pressure positive and oil-free vane type Blowers. Exclusive 3-lobe rotor design. 
Complete catalogs include performance charts, technica! information 
M-D Blowers, inc. Div., Miehie~Goss-Dexter, inc. 


Press Bolts (Form R-400-401)}-Rosan, Inc. 
High Strength Bolts: “How to Use & Specify’’(Bul. HHS-1)-Russell, Burdsal! & Ward 


BOOS 
6583-01  S-P Boosters (air-to-oil): Complete Engrg. Design Guide (Cat. 117, 14 pp.}-S-P Mfg. Co 


BRAKE 
6735-01 


MOTORS 
Sterling Variable Speed Drives & Gear Motors (Catalog)-Sterling Electric Motors 


BRAKES 
1890-01 
2043-01 


A-c Magnetic Brakes-(Panelbuilder’s Handbook _O-82, 122 pp.)}-Cutler-Hammer 

Direct Acting Magnetic Disc Brakes (Bulletin BK-4006, 8 pp.)-Dings Brakes Inc. 
Torque ratings from 1-1/2 thru 175 ibs. ft. For motors from 1/6 to 50 hp. For NEMA 
frames 56C thru 405SC. Coils for all standard AC voltages. Features: Automatic 
reset or manual release, thru-shaft design, simple installion, continuous duty. 





DESIGN ENGINEERS’ PRODUCT CATALOG INDEX 
2583-01 Liquid-cooled with air, hydraulic or water actuation for high-inertia applications. 
(Bulletin ML-181-A, 4 pp.)}-Fawick Airflex Division, Fawick Corporation 
Constricting and expanding, drum-type, air actuated. Spring-applied, air released. 
(Bulletin 500-A2, 36 pp.)-Fawick Airflex Division, Fawick Corporation 
industrial Disc Brake Systems - data sheets for des. analysis(Bul. 501, 12pp.)}-Goodyear 
Magnetic Brake (Bul. A1000-20-61, 2 pp.}-Reuland Electric Company 
Solenoids, a complete description of full line of solenoids and solenoid brakes. 
Also included are descriptions, engrg. notes, parts catalog, price lists, ordering 
instructions & complete tech. data (Cat. 88 pp.) Trombetta Solenoid Corp. 
Describes in detail the new Twin Magnet DC Brake with application and product 
features (TM Brake Boo’ - 8-8248)-Westinghouse 


2583-02 


3216-01 
6021-01 
7164-01 


7713-01 


BRASS & BRONZE ALLOYS 
5148-01 Brass, Bronze, Copper, Aluminum prdts., tech. data (Cat. 3017, 20pp.)-Mueller Brass Co. 


BRAZING (EQUIPMENT & SUPPLIES) 
2403-01 Silver Brazing (A Complete Guide, 45 pp.)}-Engelhard inds., Inc. 


Silver Alloy Brazing - EASY-F LO and SIL-FOS (Bul. 20, 24 pp.)}-Handy & Harman 

Vacuum Tube Grade Brazing Alloys (Bul. 25, 4 pp.)}Handy & Harman 

Carbide Too! Tip Brazing Methods(Bul. 11-B, 4 pp.)}-Handy & Harman 

Brazing Fittings To Pipe & Tubing (Bul. 17, 4 pp.}Handy & Harman 

HANDY ALUMIBRAZE ‘*400” for aluminum alloys (Bul. 23, 6 pp.)}-Handy & Harman 

Brazing Preforms - Describes techniques using brazing alloys in preformed shapes. 
Complete specs., characteristics & selector chart.(18 pp.)-Lucas Milhaupt Engrg. 

Stainless brazing alloys, a complete line (Form 1.2, 4 pp.)}-Wall Colmonoy Corp. 

Contract Stainless Brazing: 5 plants, country wide. (Form 1.1, 4 pp.)}-Wall Colmony 


3393-02 
3393-03 
3393-04 
3393-05 


& BRUSH HOLDERS 

GRAPHALLOY long-life brushes, low contact drop(Cat. 3, 61 pp.); cylindrical brush 
holders with helical spring(Data Sheet 111, 2 pp.)-Graphite Metallizing Corp. 

Carbon Specialties: Bearings, contacts, brushes, etc. (Bul., 12 pp.)4Morganite, inc. 

Slip Ring Assemblies and components, specifications standard and custom-built. 
brush holders, brush contact grades (Cat. SR-1, 14 pp.)Superior Carbon Products, Inc. 

Carbon Brushes for integral h.p. motors, generators, complete grade applications (Cat. 
6-D, 32 pp.)}-Superior Carbon Products, incorporated 

Carbon Brushes for Electrical Machines: Types, descriptions with illustrations, tech- 
nical data, operation information, specification sheet, directions for ordering, complete 
with a list of company r-presentative s Engineering handbook B-56, 30 pp.) The 
United States Graphite Company 

Brush Grade Supplement to Engineering Handbook B-56, complete description of differ- 
ent grades (Supplement, 8 pp.}The United States Graphite Co. 


BUSHINGS 
0180-01 Bushings: Hardened & Ground (Cat. & Engrg. Manual)}-Aetna Ball & Roller Bearing Co. 
2061-01 Dodge FHP Sheaves and FHP SEALED-LIFE Belts (Bul. A687, 4 pp. Dodge Mfg. Corp. 
2061-02 -Belt Drives, Sheaves, SEALED-LIFE Belts (Bul. A661, 108 pp.}-Dodge Wfg. Corp. 
2061-03 Dodge Dependable Mounted Bearings (Bul. 10A, 80 pp.}-Dodge Mfg. Corp. 
2061-04 OYNA-V: Dodge V-Belt Drives, 1 to 1500 Hp. (Bul. AG95A, 40 pp.)}-Dodge Mfg. Corp. 
2610-01 Formed Bushing Design Guide: Materials, size standards, design features, typical 
applications, and specialty applications - Federal-Mogul Division 
GRAPHALLOY Oilless, minus 450° to 750°F(Cat. 4, 52 pp.)}-Graphite Metallizing Corp. 
TAP-LOK self-tapping threaded inserts-Complete Specs. (Cat. 12 pp.}Groov-P in Corp. 
Bushings, cast-bronze; over 900 stock sizes (Brochure JBL 2}-Johnson Bronze Co. 
Bushings, electric motor, over 350 stock sizes (EM Catalog)}-Johnson Bronze Co. 
Bushings, general purpose, technical data folder with selector (Bro. JBL 37) 
Johnson Bronze Co. 
Bronze-plated, solid steel or Ampco bronze Guide Pin Bushings. Toe clamp, ring clamp, 
nut, pressed fit, stripper designs, prices (Cat. 8-8}Lamina Dies and Tools, Inc. 
Self Lubricating Non-metallic Bushings of Lignum-Vitae(Bul.707-8pp. > 
Lignum-Vitae Corp. 
Roller Bearings, complete line (Cat. M-59, 48 pp.}-Orange Roller Bearing Co., inc. Eng. 
data on full type needle roller bushings from 1/2” to 8” shaft dia. 
PEM Template Drill Bushings-Specs.(Cat. 08-357, 16pp.)-Penn Eng. & Mfg. 


3258-01 
3339-01 
4095-01 
4095-02 
4095-03 


4309-01 
4428-01 
5490-01 


5607-01 


CABINETS & CASES 

0112-01 Metal Cabinet Latches, door bolts, etc.(Bul. 100-3100)-Adams-Rite Mfg. Co. 
Adams-Rite Mfg. Co. 

Lightweight Cabinets and Consoles, (4 pp.)-Brooks & Perkins, Inc. 

EMCOR Modular Enclosure System (Condensed Catalog, 20 pp.}ingersol! Products, 
Division of Borg Wamer Corporation. Presents descriptive engineering and design 
details, specifications, manufacturing processes, installation photos of frames and 
component parts. 

Standard Instrument Cases: 120 basic types & sizes. (Des. Manual, 401G)TA Mfg. Corp. 


1116-01 
3945-01 


6939-01 


CAM FASTENERS 
1278-01 CAMLOC Quarter Turn Fasteners & Latches(Cat. 128 pp.)}-Camloc Fastener Corp. 
1278-02 CAMLOC Sub-miniature 4 tum & Pushbutton Fasteners (Bul.601 & 608, 4 pp.)}-Camloc 





---OF MANUFACTURERS’ FREE LITERATURE 


CAP. 
0198-01 
0198-02 


HI-TEMP (up to 700 deg. F.) Mica & Teflon (Bul. PS-6A, 4 pp.)}-Airborne Accessories 
Mylar (& minaturized R.F . Filters}(Bul. 57B, 4 pp.)-Airborne Accessories Corp. 


CARBON & CARBON PRODUCTS 
5103-01 Carbon Specialties: Bearings, contacts, brushes, etc. (Bul., 12 pp.)Morganite, inc. 


CAST IRON 

3381-01 Hamilton Quality Ductile Iron - specs. and unusual properties - Hamilton Foundry Inc. 
3381-02 How Design is Affected by Foundry Practice - well illustraved - Hamilton Foundry Inc. 
3381-03 Many irons/One Source/One Quality - specs. on all irons from Hamilton Foundry Inc. 
3381-04 Summary of Specifications - Gray and Nodular irons (G.1.F.S.) - Hamilton Foundry Inc. 


0229-01 Industrial Casters & Wheels (Catalog, 44 pp.)-Albion industries, Inc. 


ACIPCO Spun Steel Tubing - (Cat. L-111, 64 pp.) American Cast Iron Pipe Co. 

Ductile iron Pipe, Tube, Fittings, Castings (Bul. L-127, 38 pp.)-Amer. Cast iron Pipe 

Blaw-Knox Cast Steels Standard Specifications (Bulletin 2592)- Blaw-Knox Co. 

High Temperature, Abrasion, and Corrosion Resistant Cast ings - design engineering 
specifications (Bulletin 2537)-Biaw-Knox Co. 

Blaw-Knox Steel Casting Service (Bulletin 2569)- Blaw-Knox Co. 

“Engineering Slants’’ series discusses solutions to problems encountered in design 
and production of close-tolerance parts-Hitch.ner Mig. Co. 

Accurate, smooth finish plaster mold castings for intricate smal! parts. Aluminum, 
beryllium copper, brass, bronze. (Brochure, 16 pp.)}-Ohio Precision Castings, Inc. 
Centrifugally Cast Cylinders: Alloys, sizes, specs.(Bu!. 500, 28 pp.)-Sandusky Foundry 

Stainless and Non-ferrous. Complete facilities.(Bul.239, 6 pp.)}-The Vollrath Co. 
Corrosion Resistant Castings (Catalog}Waukesha Foundry Company 
"Application Data For Non-Corrosive Metals.” Lists the metals recommended for use 
in specialized fields. Over 200 product categories are listed, from acetic acid to 
yeast and zinc, with Waukesha metal selections for each. List compiled to aid ori- 
ginal equipment designers in the manufacture of longer lasting, non-corrosive corro- 
Sive processing equipment. 


ROLLER 
Roller Chains, Sprockets & Flex. Couplings: data (Cat. 8, 106 pp. Acme Chain Corp. 
FLAT-TOP Roller Chain, description & data (Bul. 9, 4 pp.}}Acme Chain Corp. 
Offset Side Bar Chain, description & data (Bul. 8, 4 pp.}Acme Chain Corp. 
Diamond Stock Roller Chains, Sprockets, & Couplings (Cat. No.. 760)- 

Diamond Chain Co. 
Roller Chain, Sprockets, Chain Couplings (Bul. A691, 56 pp.}+Dodge Mfg. Corp. 
Roller Chains & sprockets-complete data(Book 2657, 158pp.)-L ink-Beit Co. 


SULENT 
4455-01 Silent Chains for high speeds, complete data(Bk. 2425, 92pp.)-Link-Belt Co. 


CHEMICALS 
2110-01 Silicone; antifoamers for oi! and aqueous systems (Manual 4-407, 8 pp.)~Dow Corning 
2110-01 Silicone Damping Fluids; nonsludging, wide temp. span(Bro. 3-112, 8 pp.)-Dow Corning 


CIRCUIT BREAKERS 
M60 Type EPC Explosion-Proof(Cat. Page $14.1-14.4)-Crouse-Hinds 
Circuit Breakers, Motor Protectors, Relays(Cat. 60B, 40 pp.)-Mechanical Prod. 
KLIXON Commercial & Precision Circuit Breakers-(Cat. 10-10, 34 pp.) Texas Instr. Inc. 
Details and application of molded case Circuit Breakers (Bul. DB-29-55)-Westinghouse 
Prices & description of entire line of molded case Circuit Breakers 

(Bul. PL-29-321)}-Westinghouse 


CLAD METALS 

2403-01  WILCO Composite or Laminated Metals ("Composite Metals’, 8 pp.}-Engelhard Inds., Inc. 
2403-02 ‘’Platinum Clad” (Bul., 4 pp.); includes many applications - Englehard inds., inc. 
2403-03 WILCO NI-SPAN C and special copper alloys (“Special Alloys”, & pp.)}-Engelhard Inds. 
4347-01 CLAD METALS-Comp. Des. Specs.(Tech. Data Bul. 900 - 4 pp.)}-Leach & Garner 

7002-01 MULTILAYER Clad Metals. Complete lines-(Bul. GP-1, 16 pp.) Texas Instr., Inc. 


CLAMPS & STRAPS 

0216-01 Portable Air: heavy-duty or economy size(Bul. 91029, 4 pp.)-Airmatic Valve, Inc. 

1908-01 CAB-L-TITE, BUND-L-TITE straps to secure wires. (Des. & Specs.}Dakota Engrg., Inc. 

3407-01 Quick-Connect Couplings & Hose Clamps, description, engineering data and illustra- 
tions(Cat. 100, 46 pp.)-Hansen Manufacturing Co. 

Clamps & Couplings (Ind. Des. Cat. 803; Aircraft Des. Cat. 800)-Marman Div., Aeroquip 

Hose Clamps: 0.E.M. Specifications (Bulletin 806)-Marman Div., Aeroquip Corp. 

Band Clamps for all types of aircraft uses (Section 10)-Marman Div., Aeroquip Corp. 


4698-01 
4698-02 
4698-03 
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6939-01 
761-01 
7061-01 


0756-01 
4363-01 
5895-01 


DESIGN ENGINEERS’ PRODUCT CATALOG INDEX 
Clamps: Over 100,000 combinations. (Eng. Des. Manual, No. 212G}TA Mfg. 

SPEED NUT Brand Fasteners & Clamps: Full line (Cat. #358, 32 pp.)}-Tinnerman Prods. 
Benefits from Engineered F astening (20 Case Histories, 24 pp.)- Tinnerman Prods. 


BALL-LOK Quick Release Pins (Cat. 10 pp.)-Avdel, inc. 

LEE PLUGS-Complete Design aiid Engrg. Specifications (20 pp.)}-Lee Company 

CAPLUGS (Fact File, Price Sheets, Samples)}-Protective Closures Co., inc. Fact file 
describes complete line of Caplug threaded and non-threaded caps and plugs for 
Safeguarding products in process, storage or transit. Folder is tabbed and punched 
for easy filing and finding in either binder or cabinet. Enclosed are complete price 
lists for over 600 sizes stocked of a dozen standard designs. Samples of Caplugs are 
also included. 


0941-01 
1035-01 
1035-02 
1085-03 
2583-01 


2583-02 


2583-03 


2853-01 
%27-01 
3627-02 
3627-03 
3627-04 


4455-01 
6115-01 
6115-03 
6115-02 
6115-04 
6511-01 


7236-01 
7902-01 


Berry Touch-O0-Matic Clutch with hydraulic pump (Cat. BC361, 2 pp.)}Berry Hydraulics 
Clutches for automotive Passenger Cars (Complete Design Specifications}-Borg & Beck 
Clutches for Automotive Trucks (Complete Design Specifications)}-Borg & Beck 
Clutches, Tractor (Complete Design Specifications)}-Borg & Beck 
Ait-actuated, drum-type, constricting. Aww-actuated, drum-type, expanding. Magnetic, 
multiple disc. General product catalog,(Bulletin 500-A2, 36 pp.)-Fawick Airflex 
Division, F awick Corporation 
Heavy-duty grinding mill drives. Constricting and expanding drum-type air clutches. 
(Bulletin ML-199, 4 pp.)}-Fawick Airflex Division, Fawick Corporation 
Clutch and brake packages for power press modernization. Ait-actuated, drum-type 
clutches. Spring-applied, air-released brakes. (Bulletin ML-200, 8 pp.)}-Fawick 
Airflex Division, Fawick Corporation 
Custom-built Power Transmissions from standard Components (Bul. 4 pp.)-Funk Mfg. Co, 
Overtunning Clutches & Couplings: all data (Bul. 231 & OR2, 12 pp.) The Hilliard Corp. 
Single-Revolution Clutches: motion control (Bul. 239 & SR2, 12 pp.)-The Hilliard Com. 
Slip Clutches & Couplings-overioad protect’n (Bui. 300 & SC2, 12 pp.}-The Hilliard Corp. 
Intermittent Drive Unit for motion control. Single-revolution clutch with all con- 
trols totally enclosed. Complete package. (Bul. IDU-2, 8 pp.) The Hilliard Corp. 
Clutches-friction, jaw , spiral coupling types(F ir.2637A, 8pp.)}-Link-Belt Co. 
Spring-Loaded Clutches--Complete Engrg. Specs.(Brochure, 8 pp.)-Rockford Clutch 
Pulimore Clutches--Multiple-Disc. Engrg. Specs.(Form 1289, 12 pp.)-Rockford Clutch 
Over-Center Clutches--Complete Engineering Specs.(Brochure, 8 pp.)Rockford Clutch 
Hydraulic Clutches--Power Shift. Engrg. Specs.(Form 1405, 2 pp )-Rockford Clutch 
SIMPLATROL electric friction clutches and brakes and combinations from 7/8” to 12%" 
diameter, torque range 10 ounce inches to 470 pound feet(6 page bulletin on full line} 
Simplatro! Products Corp. 
Friction & Fiuid Drives: summary of clutch line (Bul. 314}-Twin Dise Clutch Co. 
Automatic Centrifuga! Clutch (Bulletin 8215-B1, 8 pp.)-Worthington Corporation 


COATINGS 


0292-01 
1458-01 
1467-01 
2110-01 
2403-01 


5022-01 
5346-01 


7013-01 


coms 
1782-01 


3015-01 


PLASKON Coating Resins for Paints, Varnishes, Lacquers & Allied Products, types & 
description (Cat. 7-109-19, 22 pp.)-Allied Chemical 
Luster-On conversion coatings for metals, gives types, new products, and data on 
corrosion protection (Bulletin, 6 pp.) The Chemical Corp. 
PLASTISOLS for Coating, Molding & Gasketing (Brochure, 18pp.)-Chemical! Products Comp. 
SYL-OFF; impart release surface to paper products (Bul. 8-605, 4 pp.}+Dow Corning 
Silver Coatings: For Elec. & Communications Inds. (Bull. 7, 2 pp.)}-Engelhard inds. 
Adhesives-Coatings & Sealers: Gen. properties (Cat. Z-ABD, 8 pp.+3M Company 
Refractory Grain Properties and Applications (Cat. 1741, 24 pp.)-Norton Company 
Parts, shapes, and grains: ALUNDUM, CRYSTOLON, MAGNORITE, Fused Zirconia, 
and NORBIDE. Data on refractories, insulators, electrical parts, and coatings. 
Heat Reflection for Flexible Materials-Through Alumination by Thermo-Chem Corp. (4 pp.) 


Custom Coils for Reed Switches (Bul. 61}-Wires #6-56, Class A,B, F ,H temps.-Coto Coil Co. 


RINGS 
Collector Rings: Des. Specs. (Tech. Data Bul. 401, 4 pp.)}-General Findings, Inc. 


3942-01 


Single-Stage Compressors (Bulletin P-13, 18pp, Elliott Co. 

Air Motors; Lub. & Oil-less Compressors & Vac. Pumps(Cat. 660, 12 pp.)}-Gast Mfg. Co. 
Ait Motors, Air Compressors, Vacuum Pumps (Full line Cat., 64 pp.)-Gast Mfg. Co. 
X-Design Air-Cooled, 1/3+20hp. (Bulletin 3405-B4, 28 pp.}-Worthington Corporation 
Monobloc Air-Cooled, 1-1/2-5 hp. (Specification 3405-S7, 2 pp.)-Worthington Corporation 
Radial, Two-Stage Air-Cooled; 25-100 hp. (Bulletin 3430-B1, 12 pp.) Worthington Corp. 
40-250 psi, Air-Cooled, 15-20 hp. (Bulletin 3406-81, 4 pp.}Worthington Corporation 


Programming Devices, Punched Card & Punched Tape (Bul. 100)}-industrial Timer Corp. 
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0018-01 


1152-01 
1152-02 
1296-01 


1845-01 
3753-01 
7779-01 


FREE LITERATURE 


ELECTRICAL 
Solderiess, multiple circuit types -AMP Incorporated 
Complete information on Pin & Socket (Cat. 462); Printed Circuit (Cat. 20, 305); 
General (Cat. 467); and Coaxial (Cat. 470). 
Terminal Blocks, Connectors, Cable Fittings (Cat. 76, 12 pp.)-Buchanan Elec. Prodts. 
Buchanan Pre-Insulated Splice Caps, Tools (Bul. 2002-A, 4 pp.)-Buchanan Elec. Prodts. 
Cannon Plug Guide - General information on application design and selection of Cannon 
Plugs (CPG-5)}-Cannon Electric. 
ARK-trol Connectors Bul.2711)}-Crouse-Hinds 
TWIST-LOCK Wiring Devices: Ten types (Bul. H-1425, 48 pp.)-Harvey Hubbell, Inc. 
ZERO-ENTRY elect. connector, butt-type. Des. Specs. (Cat. GC-8)} E. B. Wiggins 


0162-01 
0819-01 
2165-01 


3447-01 


4284-01 
4382-01 
4437-01 
7779-01 
7779-02 
7779-03 
7779-04 


Design Data on Adapters & Tube Fittings - ai! kinds (Bul. 655, 12 pp.}Aeroquip Corp. 
Rotary Joints: Standard and special types (Cat. 310, 4 pp.)}Barco Manufacturing Co. 
Swivel Fittings-Self-Aligning, Low Torque. Engrg. & Specs. (Cat.500, 4 pp.) 

Dumont Engineering Co. 

Astro/Weight, a Lightweight Tube Fitting for Missile Plumbing (Cat. 501, 6 pp.). 
Solves problems relating to extreme missile environment where Standard AN tube 
fittings fail.-Harrison Manufacturing Co. 

Hydraulic tube & pipe couplings & connectors (Cat. FT-60, 6 pp.}-L & L Mfg. Co. 

Pat. O-Ring Seal, Flare, Pipe-Complete Lines, Specs.(Cat. 1060,24 pp.)-The Lenz Co. 

Fasteners, brackets, clips (Bulletin 921, Cat. 50}Lincoln Engr. Co. 

CONNECT-O-MATIC connector, fluid, push-pull; (Cat. GC-3 & 5A}E. B. Wiggins 

INST-O-MATIC connector, fluid, quick-connect.; Specs. (Cat. GC-2 & 4}-E. B. Wiggins. 

MIN-O-MATIC connector, fluid, miniature. Des. & Specs. (Cat. GC-3)-E. 8. Wiggins. 

WIG-O-F LEX flexible connector for rigid tubes. (Cat. GC-4} E. B. Wiggins 


CONTACTS & CONTACT MATERIALS 


2403-01 


2403-02 
3015-01 
3258-01 
3961-01 
7002-01 


WILCO Electrical Contacts, contact materials, and precious metals (‘Electrical 
Contacts”, 81 pp.)}-Engelhard inds., Inc. 

ECON-O-TAPE contacts for electrical relays (4 pp. b: Makepeace)-Engelhard Inds. inc. 

Contact Materials: Des. Specs. (Buls. 301, 601, 701, 12 pp.)}-General Findings, Inc. 

GRAPHALLOY non-welding, long-life(Data Sheet 143, 2 pp.)-Graphite Metallizing Corp. 

BeCu MICROPROCESSED Contact Strips, Springs(Cat.11,19 pp.)-Instrument Specialties Co. 

MULTILAYER Electrical Contact-(Cat. 10-19, 22 pp.) Texas Instr. Incorporated 


CONTROL MOTORS 


1845-01 
3411-01 


M60 Type EPC Explosion-Proof(Cat. Page S$14.1-14.4)-Crouse-Hinds 
Control Motors-(Specifications and Output Data Sheet)-Hansen Manufacturing Co., Inc. 


CONTROL PANELS 


0756-01 
6624-01 


0112-01 
1890-01 
7563-01 


BALL-LOK Quick Release Pins (Cat. 10 pp.)-Avdel, Inc. 
Push Buttons, oil tight; general information (Bulletin SM-303 FAK 6 pp.}Square D Co. 


QUADRASTAT Irreversible Contro! (Bulletin 3400, 4 pp.)}-Adams-Rite Mfg. Co. 
A-c and D-c Controllers for all applications (Merchandiser, 80 pp.)-Cutler-Hammer 
Electrode type liquid level controls (Cat. 1961, 32 pp.)}-Charles F. Warrick Co. 


CONTROLS, ELECTRICAL 


0099-01 
0198-01 
0198-02 
0729-01 
0729-02 
0729-03 
0774-01 
0810-01 
1624-01 
1845-01 
1890-01 
2646-01 
2997-01 
3753-01 
6624-01 
6624-02 
6624-03 


7290-01 
7290-02 
7290-03 
7290-04 
7304-01 
7304-02 
7416-01 
7713-01 


ACME Constant Voltage Stabilizers, 15 to 2000 VA (Cat. 09-B01}-Acme Electric Corp. 

Modular Systems: Transducer, controls, actuators (Bul. PS-5A, 4 pp.}Airborne Access. 

Temperature Controls: R-8010 Electro-mech. System (Bul. PS-4A, 4 pp.}-Airborne Access. 

Contactors-Dependable Power Circuit Control (Cat. 57-S3, 32 pp.)}-Automatic Switch Co. 

Accessories and Special Control Equipment(Cat. 57-S7, 16 pp.) Automatic Switch Co. 

Electric Plant Controis-For Stand-by Plants(Cat. 57-S6, 24 pp.)-Automatic Switch Co. 

Liquid Level Controls: Floatiess types (Cat., 20 pp.)}-8/W Controller Corporation. 

Electrical Components:Motors, Relays-Ful! Line(indexed Cat.,60 pp.)-Barber-Colman Co. 

MINIMATIC Miniature Valves, Cylinders, Fittings (Bul. 960, 461, 561, 12 pp.}Clippard 

Explosion-proof and other meeting NE.C. (Bu!.2722)-Crouse-Hinds 

Electrical Controls, Starters, Etc. (Merchandiser, 80 pp.}-Cutler-Hammer 

Non-indicating Temperature Controllers (Bul. MC-177A, 8 pp.)-Fenwal inc. 

Industrial Product & Process Controls (Cat. 608.297, 4 pp.)}-General Controls Co. 

Grounding Devices: U-Shaped & TWIST-LOCK (Bul. H-1998, 12 pp.}Harvey Hubbell, Inc. 

Push Buttons, oi! tight; general information (Bulletin SM-303 FAK 6 pp.)}Square D Co. 

Motor Starters, general description (Bul. SM293-MMC, 8 pp.}Square D Co. 

Wiring Diagrams, illustrations and technical data on the wiring of Square 0 products 
(Bulletin SM-304-MMC2, 40 pp.)-Square D Co. 

Controls, Temperature-Complete Specs. (Cat. 400A)}-United Electric Controts Co. 

Controls, Presswre-Complete Specs. (Cat. SOOA}United Electric Controls Co. 

Controts, Vacuum-Complete Specs. (Cat. S00A)}United Electric Controls Co. 

Controls, Press. Telephone Cable-United Electric Controls Co. 

Controlled Speed Systems - 12 basic, illus, (F-1952 8 pp.}-U.S. Elect. Motors 

VARIDYNE Variable speed syst.-Principle, uses (F 1963 8 pp.)}-U.S. Elect. Motors 

Counters - Complete specs. & application data (General Catalog) Veeder-Root inc. 

New Control Relay which cuts panel space up to 78%. (Bul. B-7345}-Westinghouse 
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ELECTRONIC 
0774-01 Liquid Level Controls: F loatiess types (Cat., 20 pp.}-B/W Controller Corporation. 
2646-01 Electronic Temperature Controllers and indicators (Bul. MC-195, 8 pp.}-F enwal Inc. 
3560-01 Electronic Controllers & Match. Motors 1/50-% hp. (Cat. Sheets)-Gerald K. Heller Co. 
7416-01 Counters & Controls - Specs. & application data (Bulletins)-Veeder-Root Inc. 


PLEXIBLE 
TRU-LAY Push-Pull Controls, positive remote control over long of short distances, up 
to 150 feet from control point, with as much as 100 Ibs input. Can snake around 
obstructions, operate while flexing. Simple design, one moving part. Noiseless. 
Lifetime of accuracy. Available in 5 sizes with various types of operating heads. Data 
file available. Automotive & Aircraft Div., American Chain & Cable Company, Inc., 
Stephenson Building, Detroit 2, Michigan. 
PUSH-PULL Controls, Mechanical, 3 types (Cat.1551, 8 pp. Southwest Prod. C o. 
Flexible Shafting Controls “Circle Ess”’-F. W, Stewart Corp. 


0423-01 


6579-01 
6750-01 


CONTROLS, AIR & HYDRAULIC 

0823-01 Hand & Solenoid Air & Hydraulic Valves.(Cat. 60-61, 24 pp.)-Barksdale Valves 

0823-02 CRESCENT “Mach 2” Solenoid-to 150 psi(Cat. 601021, 12pp.)-Barksdale Valves 
0922-01 + VALVAIR Control Systems- Valves, cyls., acc.(Bull. VL-61 24 pp.}-Bellows-Valvair 
2937-01 Automation Controls (Cat. 608.215, 48 pp.}-General Controls Co. 

5622-01 Universal Air Control Equipment-Full line (Bul. 80, 12 pp.}Perfecting Service Co. 
7443-01 ~~‘ Hydraulic products, ind |-marine @ fields (Cat. SO01C, 74 pp.)}-Vickers Inc. 
7601-01 





Controls, Hydraulic; [ low or Pressure(Catalog, 44 pp.)-Waterman Hydraulics Corporation 


\ 


Torque Converters, nn description & data (Bul. 510}Twin Disc Clutch Co. 
Hydraulic Torque Cénverters: Gen. infor. & data (Bul. 135-F}Twin Disc Clutch Co, 
/ 
} 
CONVEYOR BELTS | 
2061-01 TAPER-LOCK Stee! Conveyor Pulleys (Bul. A671A, 12 pp.)Dodge Mfg. Corp. 
4455-01 Conveyor belts-rubber & chain types (Cat. 1000, 592pp.)-Link-Belt Co. Dept. PED. 


7236-01 
1236-02 


CONVEYOR CHAINS 
4455-01 Conveyor Chains~malleable, Promal & Steel(Cat. 1050, 640pp.)-Link-Belt Co. Dept. PED. 


COPPER & COPPER ALLOYS 

2403-01 Special Copper Alloys & WILCO NI-SPAN C ("Special Alloys”, 8 pp.}Englehard Inds. 
5148-01 Tellurium Copper Special Alloy 799, design data (Bul., 2 pp.}-Mueller Brass Co. 
5148-02 Copper Base Alloys, rod form, gen. & tech. data(Cat. 3010, 24 pp.)-Mueller Brass Co. 
5796-01  Copper-base Alloys (Cat. A-10, 4 pp.)}-Porter Alloyist 


4977-01 Cordsets, plugs, connectors, custom-molded assemblies.(4-pp. cat.)-Miller Elec. Co. 


COUNTERS & DIGITAL DISPLAYS 

2196-01 Counters: Stroke, rev., elec., impluse; Lin. meas. devices(Cat. 2001)-Durant Mfg. Co. 

2196-02 instrument Counters: Digital readout instruments (Cat. 400)Durant Mfg. Co. 

2997-01 Counting instruments (Cat. 608.462, 6 pp.)- General Controls Co. 

3906-01 Readout Displays: in-_ ine. Complete Specs. on all sizes (Cat., 8 pp.}-ind. Elect. Eng. 

3906-02 Self decoding BINAVIEW Readout: Complete Tech. Specs. (Cat., 2 pp.)-ind. Elect. Eng. 

7416-01 Counters - Complete specs. and application data (General Catalog)-Veeder-Root Inc. 
Mechanical, Electro-mechanical & Electronic Counters for industry and commerce. 


AND CONNECTORS, HOSE 
Hose Fittings, Self-sealing Couplings, Adapters and Tube Fittings. Pressures up to 
5000 psi. Temperatures from -100 F to 450 F. (Cat. 250, 144 pp.}-Aeroquip Corp. 
Surge “’Shur-lock”’ re-usable couplings, hose & hose assemblies, complete description 
and design data (Catalog 40-25, 28 pp.)-Alemite 
Reusable Hydraulic Hose Couplings-all pressures (Cat. 303, 32 pp.}Anchor Coupling Co. 
Couplers, Quick Disconnect: gen. info. & design data (Cat. L-509-2)-The Bruning Co. 


0162-01 
0256-01 


0549-01 
1138-01 
1138-02 
1138-03 
2727-01 
3407-0 


Couplers, Quick Disconnect-Open Flow Series: data (Cat. L-6104-2)}-The Bruning Co. 

Application & selection of Metal Hose & Fitting (Design Guide 225, 36 pp.)-F lexonics 

Quick-Connect Couplings & Hose Clamps, description, engineering data and illustra- 
tions(Cat. 100, 46 pp.)-Hansen Manufacturing Co. 

Reusabdle- Low Press. indust., Paint-Spray, Oxygen-Acetylene(Cat. 12pp.)- The Lenz Co. 

indust. High-Med Press. Complete L ines, 2-WB, 1-\WB(Cat. H10-59, 8pp.)}- The Lenz Co. 

High-Med. indust., Farm, Etc. Complete Line Specs. (Cat. HS-9-61, 48 pp.)-The Lenz Co. 

Clamps & Couplings (Ind. Des. Cat. 803; Aircraft Des. Cat. 800)-Marman Div., Aeroquip 

PUSHOMATIC Quick Couplings (Bul. 1475, 1500, 1220)}Perfecting Service Co. 

Fluid Couplings: description, applications & data (Bul. 144-E}-Twin Disc Clutch Co. 


4392-01 
4392-02 
4392-03 
4698-01 
5622-01 
7236-01 


MECHANICAL 
2061-01 +FLEXIDYNE Orives and Couplings - Dry Fluid drive (Bul. 70, 20 pp. Dodge Mfg. Corp. 
2061-02 _ Roller Chain, Sprockets, Chain Couplings (Bul. A691, 56 pp.}-Dodge Mfg. Corp. 


Couplers, Quick Disconnect & self-sealing: comp. data (Cat. .-6103-2)-The Bruning Co. 
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2061-03 
3627-01 
4455-01 
5971-01 
6286-01 


PARA-FLEX Flexible Cushion Couplings - 3 types (Bul. 9018, 24 pp.}Dodge Mfg. Corp. 
Centrifugal Couplings for inertia drives. (Bul. CE-4, 8 pp.) The Hilliard Corp. 
Couplings-chain, geared, rigid, compression(Cat.1050, 640 pp.)-Link-Belt Co. Dept. PED. 
Miniature size Flexible Couplings with zero backlash (8 pp.)-Renbrandt, Inc. 

Ball Bearing Splines: Engineering Design Guide (28 pp.) complete with selection 
charts, graphs, and installation methods - Saginaw Steering Gear Div., G.M.C. 

Flexible Shaft Mechanical Couplings “Circle Ess’’-F. W. Stewart Corp. 

WALDRON Standard Couplings - Flexible gear types (Cat. 57R)-Waldron-Hartig Div. 
High speed, mill motor, brake wheel, floating shaft, H.0., oi! collector, spacer, vert- 
ical, rigid, vertical floating shaft, continuous lube, nylon gear, all nylon, high mis- 
alignment type, cut-outs and cut-out couplings. 


6750-01 
7523-01 


HYDRAULIC 
Power cylinders, hydraulic & air, standard & special bores to 48”, strokes to 45’, all 
mountings (Master Catalog with design eng. section & data sheets on 8 complete 
cylinder lines plus air valves)-Anker-Holth Div., Wellman Engineering Co. 
Cylinder, hydraulic: description & data (Cat. L-6010-1)-The Bruning Co. 
Cylinders, air and hydraulic(Master Catalog, 24 pp.)-Carter Controls, Inc. 
Complete bound file on air and hydraulic cylinders. J.1.C. interchangeable 
SQUARELINE series, 2000-3000 psi hydraulic. ROUNDLINE air-hydraulic to 2000 
psi. Rotary torque actuators. Clamp cylinders. Air valves. Full details and prices. 
NOPAK High-Pressure, Square Head, Class 3 (Cat. CL-3, 30 pp.)}-Galland-Henning 
NOPAK Low-Pressure Class 1, 2, and M (Cat. 101A, 16 pp.}Galland-Henning 
Hydraulic Cylinders: Complete Engrg. Specs.-Logansport Machine Co., Inc. 

1%” - 10” bore; Series LH 750 psi, Series H 3000 psi(Cat. AH-8, 50 pp.)}-Lynair, inc. 
MILLER Air and Hydraulic Cylinders, Boosters, Accumlators. (Bul. AJH-104S, 32 pp.) 
POWER-PACKED Moded H ~ 3000-5000 psi; JOB-RATED Model J - 500-2500 psi; 
Air Cylinders Mode! A - 250-750 psi. Miller Fluid Power Div., Flick-Reedy Corp. 
Centrifugaliy Cast Cylinders: Alloys, sizes, specs.(Bul. 500, 28 pp.)~Sandusky Foundry 

S-P Cylinders: 250-2400 psi oil; Design Engrg. Specs. (Cat. 117, 10C}S-P Mfg. Co. 

T-J Hydraulic Cylinders: Complete des. specs. (Cat. H-47, 24 pp.)-Tomkins-Johnson Co. 
T-J High Pressure Hydraulic Square Head Cyl.(Cat. SH-6, 18 pp.)- Tomkins-Johnson 

T-J SPACEMAKER Air & Hydraulic Cyl.(Cat. SM-56-3, 126pp.)}- Tomkins-Johnson 


0570-01 


1138-01 
1332-01 


PNEUMATIC 
Clamps: single or double acting. 0-500 psi.(Bu!l. 91036, 4 pp.)-Airmatic Valve, Inc. 
Pin-Operated, double-acting. Best availabie(Bul. 91050, 2 pp.)-Airmatic Vaive, Inc. 
Power cylinders, air & hydraulic, standard & special, bores to 48"’, strokes to 45’, all 
mountings (Master Catalog with design eng. section & data sheets on 8 complete 
cylinder lines plus air valves)-Anker-Holth Div., Wellman Engineering Co. 
Production ideas. Showing Bellows Air Devices (Bull. ML-5 16 pp.}Bellows-Valvair 
Cylinders, pneumatic & hydraulic: gen. info. & data (Cat. L-609-1)- The Bruning Co. 
NOPAK Bore-Rated Air & Hydraulic Cylc.(Cat. CL-6, 36 pp.)}-Galland-Henning 
Nopek Air & Hydraulic Square-Barrel Cylinders (Bul. 107, 6 pp.)}-Galland-Henning 
Pneumatic Cylinders: Complete Engrg. Specs.-Logansport Machine Co., Inc. 
1%” thru 10” bore; Series A, 200 psi(Catalog AH-8, 50 pp.}-Lynair, inc. 
MILLER Air and Hydraulic Cylinders, Boosters, Accumulators. (Bul. AJH-104S, 32 pp.) 

POWER-PACKED Model H -3000-5000 psi; JOB-RATED Model J -500-2500 psi; 

Ait Cylinders Model A - 250-750 psi. Miller Fluid Power Div., Flick-Reedy Corp. 
Centrifugally Cast Cylinders: Alloys, sizes, specs.(Bul. 500, 28 pp.)}-Sandusky Foundry 
S-P Cylinders: 250 psi air; Design Engrg. Specs. (Cat. 110C, 10C}S-P Mfg. Co. 

T-J Ait Cylinders: 7 styles; full des. specs. (Cat. 54, 96 pp.}Tomkins-Johnson Co. 
T-J SQUAIR Head, interchangeable Air Cylinder. (Cat. SQ-3, 20 pp.) Tomkins-Johnson 
T-J SPACEMAKER Air & Hydraulic Cy!.(Cat. SM-56-3, 126 pp.)}- Tomkins- Johnson 


0216-01 
0216-01 
0570-01 


0922-01 
1138-01 
2880-01 
2880-02 
4491-01 
463-01 
4986-01 


6300-01 
6583-01 
7074-01 
7074-02 
7074-03 


1215-01 


Anodized Aluminum Metal-Cals, Scripicals, Name Plates (Cat. 12 pp.}+C & H Supply Co. 


0918-01 
5640-01 


DIAPHRAGM Design Manual, 28 pp. Applic., Order Info, Size List-Bellofram Corp. 
Diaphragms, small, production lots, fabric inserted (Catalog)}Periflex, inc. 


ALLOYS 
5278-01 Die Castings, Zinc--The End Uses of Zinc Die Castings(64 pp.) The New Jersey Zinc Co. 


DE 
4608-01 Zinc And Aluminum Die Castings. Complete facilities and design engineering services, 
including tooling. (Bulletin, 28 pp.)}+adison-K ipp Corp. 


4608-02 Lubricators - Experienced in Lubrication Engineering. (Bul letin)-Madison-Kipp Corp. 
DIGITAL DISPLAYS, See COUNTERS 


DRAFTING INSTRUMENTS 

1224-01 Template, T-Square, Triangle, Scale, Ruler, Ellipses (Cat., 20pp.)}-C-Thru Ruler Co. 
5501-01 Drafting materials, instruments, machines, boards (Cat. SP-60-22, 40 pp) Ozalid, GAF. 
6647-01 + MARS-items to improve drafting & reproduction(1961 Cat.-22pp.}-J. S. Staedtler, Inc. 
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DRAFTING MACHINES 

1143-01 Bruning Drafting Machines - Full line(Bul. A-2000A, 20 pp.)-Charles Bruning Co. 
7380-01 18" to 36” Drafters; standard and specials; scales (16 pp., Catalog DM3}-V&E Mfg. Co. 


DRAFTING ROOM EQUIPMENT & SUPPLIES 
1143-01 Bruning HAMILTON furniture Line (Cat. A-2807, 32 pp.)}-Charles Bruning Company 
1143-02 Bruning Electric Erasing Machine (8 2275 A, 2 pp.)-Charles Bruning Company 
1602-01 “Technical Paper Sample Book” (15 pp.}C learprint Paper Co. 
2169-01 CRONAFLEX Engineering Reproduction and Drafting Films (catalog A-17936); also 
drafting procedures Data Sheets (A-20132 and A-20133)-E. |. duPont de Nemours & Co. 
Drafting Room Fumiture and Equipment (Cat. 11, 36 pp.)-Mayline Company, Inc. 
Drafting materials, instruments, machines, boards (Cat. SP-60-22, 40 pp) Ozalid, GAF. 
Vertical and Roll Files: Wall Mounted, mobile, cabinet models(Cat. 1061, 8 pp.) 
Sizes and filing capacity for engrg. drawings, plans, prints. Plan Hold Corp. 
Drawing, Tracing Tables, biveprint files, etc. (Cat. GC59, 24 pp. yates Equipment Co. 
MARS-items to improve drafting & reproduction(1961 Cat.-22pp.}-J. S. Staedtler, Inc. 


4743-01 


DRIVES, ADJUSTABLE SPEED 

1890-01 “Ultraflex’’ Electronic & Magnetic-Amplifier Drives (Pubs. EN-64 & 65)-Cutler-Hammer 

3231-01 GRAHAM Variable Speed Drives: 1/15 to | np (Bul. 551, 8 pp.)- Graham Transmissions 

231-02 Ultra-Precise, Miget Var. Speed Drive to 1/8 he ( issions Inc. 

New Metallic Traction V.S. Trans. 1/6 to 1-1/2 (Catalog)-Graham Transmissions Inc. 

4432-01 Gear-Shift Drives, 4 to 15 hp. (Broch. DR 1-60, 4 pp.)}-Lima Electric Motor Co. 

4455-01 Variable Speed Drives-compact to 50 hp.(Cat.2274& 2874, 98pp.)-Link-Belt Co. 

6735-01 Lubrication Free Variable Speed Drives (Catalog)Sterling Electric Motors 

7411-01 REACTRON for adjustable speed motor contro! (Ratios 100:1) with extremely high 
torque and instant response. CAPACITRON for automatic speed-torque motor control 
with instant response(Speeds 5000 RPM to 0)-Vee-Arc Corporation 

7686-01 Western Drives - Complete Des. Engrg. Specifications (Catalog)}-Western Mfg. Co. 

7713-01 RECTIFLOW Drives: AC adjustable speed drives (Bul. B-7302)-Westinghouse 

7713-02 MAGNAFLOW Drives: Complete line of electromagnetic OC drives for industry 

(Bul. B-7875}-Westinghouse 
Adjustable Voltage Drives for Cargo Cranes anc Hoists (Bul. B-7991-A)}-Westinghouse 
Allspeed Drive, 1/3 thru 5 hp (Bulletin 8115-81, 16 pp.}-Worthington Corporation 


hp. Models(Cat. 400C, 16 pp.)- 


Bulletin Graham Transm 


3231-03 


7713- 


7902-01 

HZ 

7916-01 ZERO-MAX Stepless Var. Speed Drives - 3 
Zero-Max Co 


DRIVES, VARIABLE SPEED HYDRAULIC 
4455-01 Fluid Drives-smooth acceleration, many types(Cat.2747, 48 pp.)-Link-Belt Co 
7902-01 Variable Speed Drives; (Bulletin 8135-B1, 12 pp.}-Worthington Corporation 


SASTOERS 


1467-01 PLASTISOLS for Coating, Voiding & 
110-01 Silicone rubber; gasket and seal materia h unusual! combination of properties 
(Bulletin 9-118, 2 Dow Corning 


Silicone Modified Rubber (Cat. SMR)}- Stoner Rubber in 


Dil, solvent resistant rubber (Bul R-4 op. + Thiok hemical Corp. 


Describes properties of ST polysulfide crude rubber for use in hose, printing and 


coating rollers, diaphragms, mecha 
iquid urethane casting resin (B n UR-8, & pp.) Thioko 


w temperature applications 
Chemical Corr 
Properties and compounding technique e described for SOLITHANE 291 resin used 
for casting elastomeric components with high tear and abrasion resistance; resistant 
to oils, solvents, oxidation; gor 


drelectric properties. 


a & ELECTRONIC COMPONENTS, —— MADE 


0099-0] ACWE Constant Voltage Stabili at. 09-BNl }Acme Electric 
810-01 Electrica 


1777-01 Nylon Bobbin Ero c t ‘ on. \« Pp 


1782-01 


components Motors, Relay- j!1 Line{indexed Cat.,£0 pp.)-Barber- 


Custom Coils for Reed Switc iches (Bul. 61} Wi wepatien >lass A,B, FH temps.-Coto Coil Co 


v Otary Numbering He 
wm. A Fore & Co., Inc 
Numbering © Coding Machir 
Insulators, 


ESSED Parts: 


Connectors, Socket AD-169}-Garlock, In 


_Inetrument a 


Specialtie 

, que Synchr Sizes 8, 11, 15, 18, 22, 23 (Data File}Vernitron Corp 

Plastic Protector for py 4 o9.)S.S. White Industrial Div. 

Heating elements al! types, packaged heaters, heating systems-see CHROMALOX 
Heating Units under Heating Units 142. 


nm connector 


ELECTROCHEMICAL FINISHES & TREATMENTS 

1116-01 Finish systems for Magnesium (16 pp.)-Brooks & Perkins, Inc. 

3447-01 K-6 Alloy Coating for Static Metal Seals (Cat. 401). Sets new Test standards for high 
and low temperatures, use with exotic f radio-active applications and ex- 
tended storage.-Harrison Manufacturing Co 

Rhodium Electroplating Process: des., data & applications (Cat. 


6394-01 20 pp. }-Sel-Rex Corp. 


industrial Engines and Power Units (Bulletins)-Ford Motor Co. 

international Engines: 35 models, 16.8 to 385 horsepower. Available in gasoline, 
LP gas, natural gas, or Diesel. A complete power package(Engineering Data)-inter- 
national Harvester Co. 
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7803-01 4 cylinder, “Jeep” Industrial Engines (Cat., 6 pp.)}-Willys Motors inc 
Describes ““F” and “’L” Head designs for industrial, agricultural and marine uses. 
Gives power curves, engine details, accessories and special features. 

6 cylinder, Heavy-Duty “Jeep”’ industrial Engine (Cat., 4 pp.)}-Willys Motors inc 
Describes 226 cu. in. design for all high torque uses. Gives power curves, engine 
Getails, accessories and special features. 

Internal Combustion Engines: New Model V-460 D - 4 
Wisconsin Motor Corp. 

Wisconsin’s Complete Line of Single, two, and four Cylinder interna! 
Engines - 3 to 60 Horsepower. (Bul. $-283, 4 pp.}-Wisconsin Motor Corp 


7803-02 


Cylinders, (Bulletin S 282, 4 pp.) 


7866-01 


Combustion 


7866-02 


EXPANSION JOINTS & COMPENSATORS 

2727-01 Expansion Joints (Engineering Guide 222-A-432, 28 pp.)-F lexonics 

2777-02 High & Low Pressure Expansion Compensators (Engrg. Guide 222-B-43, 6 pp.)- 
F lexonics 


EXTRUDED SHAPES, METALLIC 
0783-01 Tubular and Solid Extrusions, Steel(Bul. TB8-413, 6 pp.) Tubular Products 
The Babcock & Wilcox Co. 
COLD-PREST impact Extrusions, tech. data(Cat. 3019, 12 pp.)-Mueller Brass 
Extruded Aluminum Shapes-Endless Variety (Bulletin 6101}-Precision Extrusions, 


5148-01 
5823-01 


EXTRUDED SHAPES, NON-METALLIC 

1359-01 Extrusion of Celanese Acetate, gen. data (Bul. A3C, 10 pp.)-Celanese Corp. of America 
1359-02 FORTIFLEX Extrusion, fundamentals & data (Bul. P38, 24 pp.}Celanese Corp. 
1809-01 Extrusions, cuStom-plastic, rigid & flexible; (Broch., 8 pp. Crane Plastics, Inc 


FABRICATED PLASTICS 


1683-01 Vulcanized Fibre & Laminated Plastics (12 pp 


FABRICATED STEEL COMPONENTS 
0414-01 Ductile Iron Pipe, Tube, Fittings, Castings 
4221-01 Sheet & Plate Fabrication (Catalog, 40 pp E 
Features more than 100 different parts and assemblies, ranging from massive t 
breechings to smallest stampings. Includes power plant fabrications, electrica 
Closures, machine bases, cabinets, concrete f 
Spotlights extensive facilities for c 
thickness, as well as light structurals 
Wire components cost less, improve products (Des. Handbk, 24 pp.}€ 


38 pp.)-Amer, ( 


3lum Manufacturing 


s, factory equipment 


ntract manu ying in 


. sheet and c 


7058-01 


FABRICS 


7013-01 Heat Reflection 


FASTENING METHODS 
0112-01 Door Bolting Systems: multi-point, tight seal (Bu!l.3100, 2pp.)-Adams-Rite Mfg 
Adams-Rite Mfg. Co. 
0279-01 Allen Set and Socket Screws (Screw Data Handbook)~Allen Mfg 
0756-01 BA 0 pp. )-Avde 
1278-01 CAMLOC Quarter Tum Fasteners & Latches(Cat. 128 pp.)}-Camlioc Fastener Corp. 
1490-01 Cherry Commercial Blind Rivets: specs., application data, tools(Cat. TCL-160, 1 
in aluminum, mild steel, monel--Cherry Rivet Division, Townsend Company 
PRESSTAKER, new automatic assembly machine combines pressing and staking 
(Bulletin CAS-2, 6 pp.)-Cramer Division, Giannini Controls Corporation 
Snapslide Fasteners: 3 sizes incl. AN types(Data Sheets)-Dimco-Gray Co 
ROLLPIN self-locking, spring-pin fasteners (Cat. 860, 19 pp.}Elastic Stop Nut 
Advantages, uses, applications, complete tech. data in charts, graphs, tables 
3330-01 GRIPCO Fasteners -Complete line - Lock-Clinch-Weld nuts (Cat. 161 20 pp. Grip Nut 
3338-01 GROOV-PINS - Complete Des. Engrg. Specifications (Cat. | i” - Groov-Pin Corp 
3339-02 TAP-LOK self-tapping threaded inserts-Complete Specs. (Cat. 12 pp.)}-Groov-P in Corp. 
3555-01 HELI-COIL Screw-thread & Screw-Lock Inserts (B - 4eli-Coil Corr 
4482-01 
§265-01 
5265-02 
5409-01 
5409-01 
5508-01 
5508-02 
5508-03 
§555-01 
5555-02 
5555-03 
5555-04 


Quick Release Pins (Cat 


LL-LOK 


1805-01 


2034-01 


2295-01 


Self locking bolts, studs, inserts & specia t. 40 pp.)-Lock Thread 

Stud Welding Design Manual-- specifications and types-Nelson Stud Welding 
Automatic Stud Welding - production unit-Nelson Stud Welding 

Weld Nuts, Screws, Brackets, Pins,(Cat. 60, 44 pp.)-Ohio Nut & Bolt 

Spotweld Fasteners (Complete Data Bulletin 595, 6 p Ohio Nut & Bolt 

Lock Nuts, self-locking, spring steel(Cat. 592 pe he Painut 
Self-threading Nuts, form threads on plain studs, rods.(Cat. 585, 

Pushnut Fasteners, push on plain studs, rods.(Assorted bulletins) Th 

How Good Are Tapping Screws You Buy? (inspection 7% TP 101, $ Dp. }Parker- -Kalon 
How To Use Tapping Screws, Application Data (Cat. 480 B, 24 pp.)-Parker-Kalor 
P-K Socket Screws with Long-Lok inserts Tech. Data (Cat. 862, 6 pp.)-Parker-Kalon 
W-Point Socket Set Screws (Data on greater holding power, 4 pp ' }Parker-K alon 
6219-01 Quick Repair Manual (Booklet R-542}-Rosan, Ir 

6255-01 Standard Fasteners, application data (Broch cr pp.)- Russell Burdsall & Ward 
6255-02 TENSILOCK Fasteners and related products (Cat. 8 pp.)- Russell, Burdsall & Ward 
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Quick-Operating F asteners—Specifications, drawings, features, applications on line of 
quick-lock, quick-telease fasteners (Cat. 760, 44 pp.)>Simmons Fastener Corp. 

Quick-Operating Clamp-Lock-specially designed for fianged-panel construction (Data 
Sheet)-Simmons Fastener Corp. 

CAM-BOL T—Quick-Operating, used where bolt strength is required with quick-locking, 
Quick-telease advantages (Data Sheet)Simmons Fastener Corp. 

Fasteners: Quick-access Devices, Blind Rivets, inserts (Handbook 11, 56 pp.)- Southco 

Blind (Drive) Rivets installed with a hammer (Brochure, 8 pp.)}-Southco 

SPEED NUT Brand Fasteners & Clamps: Full line (Cat. #358, 32 pp.)}-Tinnerman Prods. 

Benefits from Engineered Fastening (20 Case Histories, 24 pp.) Tinnerman Prods. 

What you should know about Stand-Off Fasteners (Bro. 13 pp.) -Westem Sky industries. 


ideas & Data on Felt and Synthetic Non-woven Fabrics (Felt Design Book)}Felters Co. 
Heat Reflection for Flexible Materials-Through Alumination by Thermo-Chem Corp. (4 pp.) 
Felt and its Uses (Bulletin, 4 pp.)}-Western Felt Works 

Felt Wicking and Lubrication (Bulletin, 6 pp.)-Western Felt Works 

Felt Seals--Designs and Applications(Bulletin, 2 pp.)-Western Felt Works 

Felt Treatment (Bulletin, 2 pp.)}-Western Felt Works 

Filter Felt (Bulletin, 2 pp.)}-Western Felt Works 

Felt Specifications and Testing (Bulletin ,6 pp.)-Western Felt Works 


Vulcanized Fibre & Laminated Plastics (12 pp.} 
Continental-Diamond F ibre Corp. 


FUTERS 

2165-01 Filters: Miniature, In-line. Engrg Data, & Specs.(Cat.600, 4 pp.)}-Dumont Engineering 

2718-01 Ait, sub-micron, Complete specs, dwgs, tables(F iltration Cat. 36pp.)-F landers Filters 

6215-01 TELL TALE Filters: Suction, press., sizes, flow durves(Cat. 24pp.)-Rosaen Filter Co. 
Stocked & sold by Rosaen Distributors, Vickers Warehouse, all principal cities. 

7623-01 Air line filters, regulators, lubricators (Folder F15E, 4 pp.) - Watts Regulator Co. 


FINISHES, INDUSTRIAL 

4581-01 OURACHEM: Chemical resistant- Clear & pigmented(Bull., T-528)-Maas & Waldstein 

4581-02 Multicolor & textured; for most surfaces(Bull., T-520)-Maas & Waldstein Co. 

4581-03 METALACE: Lace-{ike finish for most surfaces(Bull., T-565}Maas & Waldstein Co. 

4581-04 OUART: Tough, durable wrinkle finish covers minor surface imperfections(Bull., T- 100) 
Maas & Waldstein Co. 

4581-05 HAMMERTONE: Hammered metallic finish covers minor surface imperfections (Bull., 
T-115)-Maas & Waldstein Co. 

4923-01 Silicon Base Finishes, properties, characteristics, application data and general info 
(Folder, 4 pp.}-Midland Industrial Finishes Co. 


FLEXIBLE COUPLINGS 

(090-01 Flexible Couplings & Covers, design data (Bul. 10, 4 pp.}Acme Chain Corp. 

2061-01 Roller Chain, Sprockets, Chain Couplings (Bul. A691, 56 pp. Dodge Mfg. Corp. 

2061-02 PARA-FLEX Flexible Cushion Couplings - 3 types (Bul. 9018, 24 pp. Dodge Mfg. Corp. 
2538-01 STEELFLEX Couplings, .3 to 130,000 hp at 100 rpm. (Cat. 4100, 32 pp.}F alk Corp. 
4455-01 Flexible Couplings-chain, geared & flange types(Cat.1050)-Link-Belt Co. Dept. PED. 


FLEXIBLE SHAFTS 

UTI-01 Flexible Shafting-Comp. Des. Engrg. Specs. (Cat. 12 pp.)}-Hasemann F lexibie Shaft Co. 

4716-01 Complete line for dependabie protection on all hydraulic and other low pressure 
circulation systems(Bulletins)-Marvel Engineering Co. 

6750-01 Flexible Shafts Circle Ess’-F. W. Stewart Corp. 

7731-01 Flexible shafts, general info, & data (Handbook, 90 pp.}S.S. White industrial Div. 


FLOATS 
5954-02 Floats: All types (Bul., 8 pp.)-The Reichert Float & Manufacturing Co. 


FLOW REGULATORS 
2739-01 Flow Controls, engineering data (Catalog 553)-F luid Controls, inc. 
760'-01 Flow Regulaturs, Hydraulic;Fixed or Adjustable(Cat., 44 pp.) Waterman Hydraulics 


FORGINGS 

1273-01 Cameron Forgings-Closed-die press forgings-high density alloys-refractory metals- 
titanium-stainiess steel-low alloy steels-Cameron iron Works 

5148-01 Forgings: brass, bronze, aluminum; design data(Cat. 3018, 32 pp.)-Mueller Brass Co. 


FUSES 
4797-01 Circuit Breakers, Motor Protectors, Relays(Cat. 608, 40.pp.)}-Mechanica! Prod. 


---OF MANUFACTURERS’ FREE LITERATURE 


1480-01 
2898-01 
5564-01 
5564-02 
5564-03 


GEARS 
0198-01 
0674-01 
0574-02 
0574-03 
0999-01 
1044-01 
1044-02 
2214-01 
2214-02 
2214-03 
2214-04 
2520-01 


3168-01 
3186-01 
3699-01 
3699-02 
4036-01 
5179-01 
5179-02 
5179-03 
5179-04 
5625-01 


5642-01 
5642-02 
5642-03 
6471-01 


7556-01 


TEFLON Tapes, Yarns, Molded Shapes and ProductsCat.,22 pp.)}-Chemo Products, Inc. 
Sheet or Custom Cut - all materials for all applications(Cat. AD-190)-Garlock, Inc. 
Catalog and Engrg. Data on GASK-0-SEALS for ASA flanges-Parker Seal Co. 

O-ring Handbook, covering engineering and applications-Parker Seal Co. 

Fastener seals, catalog and Eng. info., STAT-O-SEALS-Parker Seat Co. 


Electrical Components: Motors, Relzys-Ful! Line(incexed Cat.,60 pp.)}-Barber-Colman Co. 
Small a-c Motors:Reverse, Synchronous, Gear(incexed Cat.,48 pp.)-Barber-Colman Co. 
Shaded Pole induction Motors, Gearmotors (Bul., 4 pp.)}-Brevel Products Corp. 

Gear motors, miniature, any ratio, AC & DC (Cat. P-6, 12 pp.}Globe Industries, Inc. 
Gearmotors & Motogears-all types & sizes(Cat.2747, 48pp.)}-Link-Belt Co. Dept. PED. 
Philadelphia Gear Drives: GearMotoRs(Cat. G.m.-40)-Philadetphia Gear Corp. 

Sterling Helical & Right Angle Gear Motors (Catalog}Sterling Electric Motors 

VW Gear Motors: Stock Models & Spec. Design (Cat. & Data Sheets)-von Weise Gear Co. 


ANGLEGEAR: 90 deg. power take offs to 5 Hp. (Bul. |A-58, 4 pp.}-Airborne Accessories 
Precision Gears - all types & Classes. Standard Com’! Gears - Arch Gear Works, Inc. 
Precision Differentials: Full line, 1/16" to 1/2°*, Std. & Spec. - Arch instrument Co. 
Gear Assemblies: Gear trains and servo gear assemblies-Arch instrument Co. 

Gears: Stock & Special (Cat. 100, 80 pp.)-Charles Bond Company 

Precision Gears - over 2000 types Standard Stock Sizes (Cat. PG 160)-Boston Gear 

Power Transmission Products-over 9,000 standard items (Cat. 57}Boston Gear 

“Gear Tolerances, A Workable Approach’’(Tech. Art., 4 pp.)Dynamic Gear Co., Inc. 

“Seven Rules To Simplifying Gear Specs”*(Tech. Art.,4 pp.}-Dynamic Gear Co., Inc. 

“Wear Characteristics of Fine Pitch Gears’*(Tech. Art., 4 pp.)-Dynamic Gear Co., Inc. 

Precision Stock Gears: Full design data(Cat. F 128, 128 pp.)-Dynamic Gear Co., Inc. 

Gears and Differentials: 

High precision automotive type produced in quantity 
to your specifications. 
(Bulletin 761, 4 pp.)-F airfield Manufacturing Co., Inc. 

Fractional Horsepower Gearing, description of line including Spurs, Spirals, Helicals, 
Bevels, internals, Worm Gearing, Racks, & Thread Grinding. Production facilities 
outlined & Diametrical Pitch & Circular Pitch basic tables are given (Catalog, 6 pp.} 
Gear Specialties, inc. 

Gleason Gear-Making Equipment(Literature On Gears & Machines)-Gleason Works 

SUPERMET Hi-Density Powder Metal Gears. (Bull. G)-Supermet Div., Globe Ind. Inc. 

Full Line Brochure(Cat., No. FLB-60)-Horsburgh & Scott Company 

Custom Industrial Gears (Cat., No. 57}Horsburgh & Scott Company 

Master gears, spline gages, coarse & fine pitch.(Brochure & Stock list)}-invo Spline Co. 

Developments in Gear Tooth Honing(Bulletin H60-6, 4 pp.)}-National Broach & Mach. 

Progress in Gear Inspection (Bulletin C60-8, 4 pp.)-National Broach & Machine Co. 

Essentials of Gear Shaving (Bulletin 5-60-18, 16 pp.}National Broach & Machine Co. 

Gear and Spline Grinders (Bulletin G52-5, 8 pp. )-National Broach & Machine Co. 

Gears & Power Trans. Equip. Data, including sprockets, flexible couplings, universal 
joints & speed reducers (Cat. 360, 268 pp.)-Perfection Gear Co. 

Gear Tooth Calculator: Pitch, thickness, addendum, depth-Perkins Mach. & Gear Co. 

Gears, metallic or nonmetallic: Custom service (Cat. 4 pp.)-Perkins Mach. & Gear Co. 

Gears, Spiral Bevel & Hypoid Gear: stds. listed (Cat. 4 pp.)}-Perkins Mach. & Gear Co. 

Precision Gears (Bul. “Gear Errors Are Costly’’, 4 pp.}-Sier-Bath Gear & Pump Co., Inc. 
includes graphs, microphotographs, and examples of damaging effects of gear errors 
in action expressed in terms of increased dynamic load. Shows Sier-Bath’s modern 
facilities for making precision gears, olus complete gear range and services up to 
48” 0.D., 3 to 48 pitch. 

Ring and Pinion, Miter, Power Train - Warner Automotive Division, Borg-Warner 


0610-01 
0810-02 
2394-01 
3186-01 


Electrical Components:Motors, Relays-Full Line(indexed Cat.,60 pp.)-Barber-Colman Co. 
Small a-c Motors:Reverse , Synchronous, Gear(indexed Cat.,48 pp. )-Barber-Colman Co. 
Synchronous Generators (Bulletin PB 2400-3, 4pp.)-Elliott Co. 

Generators, miniature rate & tach., AC & DC (Bul. G-5, 2 pp.}-Globe Industries, inc. 


Properties of selected Commercial Glasses (Bulletin B&3, 16 pp.)-Corning Glass Works. 
Mechanical, Thermal, Electrical, Chemical, Optical Properties~32 Glasses. 

Vycor industrial Glasses (Bulletin B91, 8 pp.}-Coming Glass Works. 96% Silica, High 
Temperature, High UV Trans. High IR Trans. 

Designing With Glass (Bulletin \Z-1, 12 pp.)}Corning Glass Works. Types, Advantages, 
Uses, Design Suggestions. 


“Gold For industry And The Arts” (Tables & Graphs, 11 pp.)}-Engelhard inds., Inc. 
“ATOMEX Immersion Gold Solution ’ (4 pp.)Engelhard Inds., inc. 

TEMPEREX HD - Gold Electropiate, des. & data (Bul. 175BT, 4 pp.}Sel-Rex Corp. 
KARATCLAD - Gold Plating, properties & applications (Bul. 46A, 7 pp.)}-Sel-Rex Corp. 
Precious Meta! Data Chart (slide rule}Sel-Rex Corp. 

Gold Plating: data, graphs & tables ("Bright Gold Plating’, 8 pp.}Sel-Rex Corp. 
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5386-01 
7312-01 


KARAK carbon-graphite, descrip. & data (Cat. 1164A, 6 pp.}}The Ohio Carbon Co. 
GRAPHITAR, general information of manufacture, characteristics & properties (Engrg. 
Bulletin 20, 8 pp.) The United States Graphite Co 


GOVERNORS 

7082-01 | SYNCRO-SNAP speed sensing switches & governors(Cat.250, 4pp.)- Torq Eng. Prod. 
7902-01 Multi-Stage Mechanical Shaft Governor (Bulletin 4815-B1, 8 pp.)-Worthington Corp. 
7902-02 Direct Oil Relay Governor (Bulletin 4802-B1, 4 pp.}-Worthington Corporation 


GROMMETS & BUSHINGS, STRAIN RELIEF 

1152-01 Terminal Blocks, Connectors, Cable Fittings (Cat. 76, 12 pp.)}-Buchanan Elec. Prodts. 

3609-01 Snap bushings, data sheet (Bulletin, 2 pp.)+Heyman Manufacturing Co. 

3609-02 Strain relief bushings, data and applications (Bul. 25, 4 pp.}-Heyman Manufacturing Co. 

3609-03 Strain relief bushings, data & applications (Bul. 25, 4 pp.+Heyman Manufacturing Co. 

7533-01 GRIPMASTER strain reliefs for cables & conductors (Brochure 4 pp.)}George Walker Co. 
Dimensional and application data for 3 types; all-metal, click-on, insulated. 


7695-01 —INlustrated literature on | piece Nylon Grommets - Western Sky industries. 


HANDLES & KNOBS 

1512-01 Chicago Lock Door Handles, Cabinet & Combination Locks (Bul. DH-1, 4 pp.)- 
Chicago Lock Company 

Stock Plastic Handles & Knobs, no tooling, (Cat., 8pp.}Dimco-Gray Co. 

Standard Knobs - Complete catalog of styles and specs. available - Kurz-Kasch, Inc. 

Ratcheting Box Wrenches, remote & std. reversing(Brochure C-13, 8 pp.) 
Lowell Wrench Co. 

Knobs & Captive Nuts-Des. data (Bulls. 59-38 & 58-2S La}-National Radio Co., Inc. 


234-01 
4275-01 
4518-01 


5208-01 


HANGERS, See CLAMPS 


HEAT EXCHANGERS 
6300-01  Centrifugally Cast Cylinders: Alloys, sizes, specs.(Bul. 500, 28 pp.)}-Sandusky Foundry 


HEATING UNITS 
3726-01 Precision cartridge heating units, standard and custom.(Bul., 12 pp.}-Hotwatt, Inc. 
7477-01 Complete Line Of Electric Heating Units. Full descriptions on strip, cartridge, tub- 
ular, immersion, and other types. Engineering specifications, design data, and 
prices. (Cat. VG-201, 36 pp.) Vulcan Electric Co. 
Electric heating units(Cat. 137, 50 pp.)}-Watlow Electric Mfg. Co. 
Complete specifications, sizes on electric heating units in cartridge, strip, tubular, 
immersion, cylindria! and flexible rubber designs. Heating controls and accessories. 
information on heating data and applications. 
CHROMALOX Electric Heating Equip.-Process-Comfort (Cat. 60}E.L. Wiegand Co. 
CHROMALOX Redhead Cartridge Spot Htg. (Bul PC101)-E. L. Wiegand Co. 
CHROMALOX Electric Flexible Heaters (Bul. PJ100)}-E. L. Wiegand Co. 
CHROMALOX Electric Strip Heaters-500 Standard sizes (Bul. PA 100}E.L. Wiegand Co. 
CHROMALOX Far-infrared Radiant His. & Panela (Cat. G-62)- E. L. Wiegano Co. 
RADCOR Automatic Fluid Heat Transfer Sys. (Bul. BRP 100-1}-E. L. Wiegand Co. 


7614-01 


SEALS 
Hermetic terminals, complete eng. data on ful! line glass to metal terminals. Loose 
leaf reference file avail. to qualified specifiers who write on company !etterhead. 
Samples for testing also avail. The Fusite Co. 
K-Seal intemal meta! seal for Astro/Weight Missile Plumbing (Cat. 501). Solves sealing 
problems relating to extreme missile environment.-Harrison Manufacturing Co. 
LEE PLUGS-Complete Design and Engrg. Specifications (20 pp.-Lee Company 


2871-01 


3447-01 


4%3-01 


HIGH TEMPERATURE ALLOYS 
1273-01 Cameron Forgings-Examples of large sizes-intricate shapes(40pp.)Cameron Iron Works 
1323-01 High Temp. Alloys: Design & Working Data(Cat. 144} The Carpenter Stee! Co. 


6561-01 SOSS invisible Hinges: illustrated-specs., des. data(Cat. 16, 16 pp.)-Soss Mfg. Co. 


PRODUCTS 
Honeycomb Sandwich Design Data & Test Methods(Bulletin, 48 pp. )}- 
Hexcel Products, Inc. 
3600-02 Paper Honeycomb Panel Production Data(Bulletin, 8 pp.)-Hexce! Products, Inc. 
3600-03 HONEYLITE Aluminum Honeycomb Luminous Ceiling Systems(8 pp.)- 
Hexcel Products, inc. 


3600-01 
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HOSE 
0162-01 Hose Fittings, Self-sealing Couplings, Adapters and Tube Fittings. Pressures up to 
5000 psi. Temperatures from -100 F to 450 F. (Cat. 250, 144 pp.)}-Aeroquip Corp. 
Hydraulic Hose & Tube Connection Components, complete description and design data 
(Catalog 40-36, 12 pp.)-Alemite 
Hydraulic Assemblies, Couplings-complete line (Cat. 102, 44 pp Anchor Coupling Co. 
O-Ring Flanged Head Hydraulic Hose Assemblies (Cat. 403, 64 pp.}-Anchor Coupling Co. 
Automotive Hose A lies, Fittings--all types (Cat. 603, 32 pp.}-Anchor Coupling Co. 
Hose - Flexible, plastic, non-collapsible(Catalog 860)-Dayflex Plastics Div. 
Application & selection of Metal Hose & Fittings (Design Guide 225, 36 pp.)-F lexonics 
Rubber Hose: Air, water, steam(Catalog DM-5910)-Republic Rubber Div. 


0256-01 


0549-01 
0549-02 
0549-03 
1953-01 
727-01 
5990-01 





, AIR & HYDRAULIC 
High Precision Pressure Test Gauges, (Bul. M-28B, and M-45A)-Martin-Decker Corp. 


4711-01 


INSTRUMENTS, ELECTRICAL & ELECTRONIC 
0311-01 Color instrumentation, High-Speed Automatic(Bul., 8 pp.)- 
Allied Research Associates, Inc. 
instruments, Strain Gage, Transducer, Calibration: Digital, disc, pointer readout- 
Complete information(Bul., 4400A)}- Electronics & instrumentation Div., BLH Corp. 
Instrument Counters: Digital readout instruments (Cat. 400)}Durant Mfg. Co. 
Electronic Temperature Controliers and indicators (Bul. MC-195, 8 pp.)-Fenwal Inc. 
Electronic indicator with THERMISTOR sensing(Bul. MC-197, 2 pp.)-Fenwal inc. 
Electronic Temperature Indicating Controller-Mode! 561(Bul. MC-196, 4 pp.}F enwal Inc. 
Precision Electronic instruments and Components (Bul., 4 pp.) Technology Instrument 
READALL Readout Instruments--10, 12 & 64 character units; special 12 & 64 character 
militarized units(Bul.1057)-Union Switch & Signal Div., Westinghouse Air Brake 


0801-01 


21%-01 
2646-01 
2646-02 
2646-03 
6961-01 
7268-01 


INSTRUMENTS, MECHANICAL 

4713-01 Gauges: incl, test, master & pressure (Cat., T1, M1, Q1, S1)}Marsh instrument Co. 

5256-01 HELIOS Measuring Instruments-Height, Depth, Width (Cat. 12 pp.)-Karl A. Neise, Inc. 
includes Micrometers, calipers, protractors, Specialized Measuring instruments 

Torsion Bar Torque Analyzer: Portabie & bench models (Data Sheet 1650)}-Richmont, Inc 

Torque Testers: Four Models for testing Hand Torque Tools, Power Screwdrivers, Nut- 
runners at 5-150 ft.-Ibs., and 5-500 ft. Ibs. (Four Data Sheets)}-Richmont, Inc 

Truarc location, dial-indicator Gages(Bulletin 459-10, 4pp.)}-Waldes Kohinoor, inc 


6080-01 
6080-02 


7515-01 


INSULATION 

1683-01 Vulcanized Fibre & Laminated Plastics (12 pp.)}-Continental-Diamond Fibre Com 

2110-01 Silicone; resinous and rubbery, for electrical and electronic application(Brochure 
10-105, 12 pp.) Dow Corning 


7013-01 Heat Reflection for Flexible Materials-Through Alumination by Thermo-Chem Corp. (4 pp.) 


INSULATORS 

5346-01 Refractory Grain Properties and Applications (Cat. 1741, 24 pp.)-Norton Company 
Parts, shapes, and grains: ALUNDUM, CRYSTOLON, MAGNORITE, Fused Zirconia, 
and NORBIDE. Data on refractories, insulators, electrical parts, and coatings. 


JACKS 

2160-01 Worm Gear Jacks: specs., applications, eng. drawings (Cat.AD-66, 8 pp.) 
Duff-Norton Co. For precise contro! of motion in machinery or equipment. Connect- 
ed in tandem or groups of four, six or more jacks always rise in exact unison. Used 
to apply pressure, push or pull and as linear actuators. Eight models 2 to 100 tons. 


4140-01 Actuators - Worm Gear Jacks - Complete specifications (Cat. 28 pp.)- Joyce-Cridland Co. 


4581-01 Water dip - Keeps clean metal clean(Bull., T-117)-Maas & Waldstein Co. 


LAMPS & PILOT LIGHTS 

3006-01 G-E Glow Lamps as Circuit components & indicators(Bulletin #3-0193, 4 pp.)-G.E. Co. 
3006-02 G-E Glow Lamps as circuit contro! components (Booklet #3-1137, 8 pp.)}-G.E. Co. 
3006-03 Specifications on the G-E Wedge Base incandescent lamp(Bulletin #3-1116}-G.E. Co. 
3897-01 OMNI-GLOW Pilot Lights - complete catalog (Cat. OGE, 8 pp.)-industria! Devices, inc. 


LA 
1276-01 CAMLOC Quarter Tum Fasteners & Latches(Cat. 128 pp.)-Camloc Fastener Corp. 
1278-02 CAMLOC Latches for containers & Chassis (Bulletins 602-610, 2 pp.}Camloc Fastener 


LEATHER 
2466-01 Leather: Packings, Washers, Gaskets, Diaphragms(Manual)-Excelsior Leather Washer Co. 
7013-01 Heat Reflection for Flexible Materials-Through Alumination by Thermo-Chem Corp. (4 pp.) 
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LIGHTING EQUIPMENT & SOURCES 

5918-01 PANELRAY - Electroluminescent (EL) Panels. (Technical Data Sheet PKG 6-61, 2 pp.) 
Panels come in luminescent colors: Blue, Green, Yellow, Orange, and White. Data 
sheet gives a table of sizes, recommended voltages, operating conditions, also line 
drawings and a light emission table. RCA, Electron Tube Division 

Lights for OEM, Production, Inspection Applications (6 pp.)-Stocker & Yale, inc. 

Illustrated Catalog IN-61 showing adjustable machine-tool lighting fixtures, industrial 

Op tary lighting equipment, il! ted magnifiers for inplant and 0.E.M. 


6786-01 
7726-01 





applications. Custom designs for original equipment manufacturers. The 0. C. White Co. 


LOCKS 
1512-01 
1512-02 


Locks For Every Purpose (Catalog 105, 60 pp.)-Chicago Lock Company 
Chicago Switch Locks - Full line (Bul. UBSO1, 6 pp.}Chicago Lock Company 


LUBRICANTS 
2110-01 Silicone; oils, greases; heat-stable, long lasting (Bul. 6-101, 8 pp.}-Dow Corning 


LUBRICATING EQUIPMENT 

0256-01  ACUMITE for “*built-in” measured lubrication, complete description and design data 
(Catalog 34-28, 36 pp.)- Alemite 

ACUMATIC Type 1 - most accurate and versatile and easiest to install of al! central 

ACUMATIC Type 2 - predetermined measured amounts of lubricant delivered at 
required intervals from one central poit to each bearing on a machine, complete 
description and design data (Catalog 34-20, 16 pp.}Alemite 

Alemite Oil-Mist Automatic Lubricating Systems, complete description and design data 
(Catalog 37-10, 20 pp.)-Alemite 

Alemite Lubricating Fittings, complete with drawings that can be transposed to bive- 
prints, complete description and design data (Catalog 38-23)-Alemite 
lubricating systems, compl. description & des. data (Cat. 24-18, 16 pp.}-Alemite 

Air Line Lubricators - specifications (Sec. 65, p. 1, 4-859}-Gardner-Denver Co. 

Automatic lubricating systems (Cat. 82, 50, 32 pp.}-Lincoin Engr. Co. 

Hydraulic grease fittings, specs.(Cat. 92, 32 pp.)-Lincoln Engrg. Co. 

Air line filters, regulators, lubricators (Folder F15E, 4 pp.) - Watts Regulator Co. 


0256-02 
0256-03 


0256-04 


0256-05 


2894-01 
4437-01 
4437-01 
1623-01 


MAGNESIUM ALLOYS 
1116-01 Mill Products (8 pp.)}-Brooks & Perkins, inc. 
2108-01 Magnesium Mill Products, list alloys, properties, forms, sizes, weights, tolerances 
and manufacturing limits (Bulletin 147-212)The Dow Metal Products Company 
Magnesium for Monocoque Construction, describes design aid cost advantages of thick 
magnesium construction (Bulletin 147-20)The Dow Meta! Products Company 
Magnesium ZE 10A Sheet & Plate, describes new rolled products requiring no post weld 
stress relief (Bulletin 141-197)-The Dow Metal Products Company 


2108-02 


2108-03 


MAGNETIC MATERIALS 
6745-01 Barium Ferrite Permanent Magnets-variety of shapes(Bul. 90)-D. M. Steward Mfg. Co. 


MANGANESE ALLOYS 
5148-01 Manganese Bronze Special Alloy 721, design data (Bul., 2 pp.)-Mueller Brass Co. 
5148-02 Manganese Bronze Special Alloy 241A, design data(Bul., 2 pp.)-Mueller Brass Co. 


MANIFOLDS, HYDRAULIC 
032-01 Hydraulic Manifolds-circuit possibilities limitations, specifications, design details 
(Brochure)~- Ailmo Manifold and Tool Co. 


MATERIALS DISPENSING SYSTEMS 
4437-01 Materials dispensing systems (Cat. 42, 36pp.)-Lincoin Engr. Co. 


METAL POWDERS 
5278-01 Metal Powders-~-Designing for Pressed Brass & Nickel Silver, Powder Metal Parts— 
(24 pp.)- The New Jersey Zinc Co. 


METERS, ELECTRIC & ELECTRONIC 
6%1-01 Precision Electronic instruments and Components (Bul. 4 pp.)}-Technology instrument 


MOLYBEDENUM ALLOYS 
1273-01 Cameron Forgings-Closed-die press forgings (40pp.)-Cameron iron Works 


MOTOR REDUCERS 

0990-01 Bodine Stock Motors (Bul. $-2A, 12 pp.)-Bodine Electric Co. 

0990-02 Bodine Synchronous Motors (Bul. 1036, 20 pp.)-Bodine Electric Co. 

0996-03 Bodine Instrument Motors (Bul. IM-1, 28 pp.)}-Bodine Electric Co. 

0990-04 Bodine Motorgram (External House Organ, 4 pp.}-Bodine Electric Co. 

1044-01 OPTIMOUNT Reductors & Ratiomotors, shaft/base mounted (Cat. OP-1)-Boston Gear 
1044-02 BOSTON Series 10) Reductors & Ratiomotors (Cat. R-56}Boston Gear 

2061-01 Shaft-Mounted TORQUE-ARM Speed Reducers (Bul. 60, 60 pp.)-Dodge Mfg. Corp. 
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2538-01 


4455-01 
6021-01 
6735-01 





FREE LITERATURE 


All-Motor through 125 hp; Integral through 40 hp. In-line, right angle, horizontal or 
vertical designs. (Cat. 3100, 32 pp.)Falk Corp. 

Motogears-chain, gear & variable speed types(Cat.1050, 640pp.)-L ink-Belt Co. 

Fluid Shaft Electric Motors and Motoreducer (Bul. FS-25-7, 2 pp.)-Reuland Electric Co. 

Available To Mount In Any Position (Catalog)}Sterling Electric Motors 


MOTOR STARTERS 


13-01 
1890-01 
6624-01 


0198-01 
0810-01 
0990-01 
0990-02 
0990-03 
0990-04 
1089-01 
1089-02 
2070-01 


2398-01 


3735-01 


3735-02 
4307-01 
4307-02 
5594-01 
5594-02 
5594-03 


6102-01 


6534-01 
6735-01 
7%2-01 
7497-01 
7497-02 
7713-01 
7713-02 
7713-03 
7713-04 


7713-05 


0941-01 
2106-01 
2955-01 
7650-01 
7650-02 
7650-03 


Fully automatic & static for any type battery (Bul. BC60-1)-Christie Electric Corp. 
Magnetic Motor Starters (Pub!. LO-70, 20 pp.)-Cutler-Hammer 
Motor Starters, general description (Bul. SM293-MMC, 8 pp.}Square D Co. 


AIR 
Bellows Air Motor - Descr. & application (Bull. BM-25R 20 pp.)-Bellows- Valvair 
General Catalog, including Air Motors (Bulletin 960, 72 pp.}Cleco Air Tools 
Ait Motors, radial piston - specifications (Cat. AM-1, 3d Ed., 8 pp.}Gardner-Denver Co. 
Ait Motors, Rotary Vane - specifications (Sec. 71, pp. 1,21,31}Gardner-Denver Co. 
Ait Motors, Axial Piston - specifications (Sec. 70, p. 1, 8-7-59)}-Gardner-Denver Co. 
Ait Motors; Lub. & Oil-less Compressors & Vac. Pumps (Cat. 660, 12 pp.)}-Gast Mfg. Co. 
Ait Motors, Air Compressors, Vacuum Pumps (Full line Cat., 64 pp.)Gast Mfg. Co. 


FRACTIONAL 

7 

HI-TEMP: A.C. Amb. Temp. Minus 65 to 600 deg. F .(Bul. PS-8A, 4 pp.)}-Airborne Access. 

Small a-c Motors:Reverse, Synchromous, Gear(indexed Cat., 48 pp. )- Barber-Colman Co. 

Bodine Stock Motors (Bul. $-2A, 12 pp.)-Bodine Electric Co. 

Bodine Synchronous Motors (Bul. 1036, 20 pp.)}-Bodine Electric Co. 

Bodine instrument Motors (Bul. IM-1, 28 pp.)}-Bodine Electric Co. 

Bodine Motorgram (External House Organ, 4 pp. Bodine Electric Co. 

Shaded Pole Induction Motors - Series M (Engrg. Bul., 1 pp.)}-Brevel Products Corp. 

Shaded Pole induction Motors, Gearmotors (Bul., 4 pp.)-Brevel Products Corp. 

idea Book-Data for designing, selecting, specifying. Special designs to solve ycur pro- 
blems Std. motor dimensions, prices(Cat. 150, 14 pp.)}-Doerr Electric Corp. 

Motors, fractional and subfractional (Booklet 12 pages} Emerson Electric of St. Louis. 
Complete specifications of 0.£.M. Motors, | h.p. and smaller. includes general and 
special purpose, shaded pole, and appliance motors. 

Complete line fractional, sub-fractiona! motors-(Master Cat., 115 pp.)}-Howard Ind. 
Full specifications complete line of Universal, Shaded Pole, induction motors, Parts 
Sets, Gear Motors, Blowers-1/2000 to 1 Hp. 

Howard Capsule Catalog(Folder, 8 pp.)-Howard industries, Inc. 

Convenient guide to complete line of Howard motors-all types- 1/2000 to 1 Hp. 

Special Application FHP Motors, general description of full line (Bulletin 59, 8 pp.) 
Lamb Electric Co. 

Vacuum Motors, units for cannister and tank-type vacuum cleaners (Bulletins 101, 201, 
301, 401, 2 pp. each}Lamb Electric Co. 

Torque Motors (Bulletin T-1)}-Peerless Electric Div., H. K. Porter Co., inc. 

SPACESAVER Motors (Bulletin SP-1)}-Peerless Electric Div., H. K. Porter Co., Inc. 

Special and Standard Motors (Bul. SDA-155, 16 pp.)-Peerless Electric Div., 

H. K. Porter Co., Inc. 

Motors, Fractional. Small A-C Special Application Motors. 1/100 through 1/3 horse- 
power, 3” through 4%" Diameters. 2, 4, 6 Pole Speeds. Choice of Capacitor Start 
Induction Run, Split Phase, Permanent Split Capacitor or Polyphase{Bul. 445, 8 pp.)- 
Robbins & Myers, Inc. 

Fractional Horsepower Motors—both general-purpose & blower types from 1/3 to 3 hp. 
included are features, ratings & mounting diagrams. (Bul. E.M. 201}-A.0. Smith Corp. 

Lube-Free Fractional Variable Speed Drives (Catalog)}-Sterling Electric Motors 

1/500 to 4 Hp. Superior motors because of quality construction with new, patented 
Universal sleeve, ball bearings, maximum oi! capacities. New: Skeleton Motors from 
1/500 to 1/45 Hp.(Cat. 1061, 16 pp.)-Universa! Electric Co. 

Wagner Motors and Transformers -- Prices, dimensions and description of standard 
types and ratings(F its-Ur-Pocket Price Book EU-2)-Wagner Electric Corporation 

Wagner Motors -- Fractional hp, single-phase, capacitor-start and split-phase, descrip- 

tion and dimensions.(Bul. MU-217A, 4 pp.)-Wagner Electric Corporation 

Complete line of Motors anc Control for air-conditioning industry 
(Bul. B-7893)-Westinghouse 

LIFE-LINE A motors for Fan and Blower applications both indoor and outdoor 
applications (Bul. B-7066)-Westinghouse 

Fhp AIRLINE Motors: Describes complete line of Fhp motors and parts for air moving 
applications (Brochure B-7755)-Westinghouse 

Fhp 42-Frame AIRLINE Motors: Describes features and construction on new 42-frame 
motor for air moving application (Brochure B-7966)-Westinghouse 

Fhp FLEXYDRIVE Motor: New motor for furnace blowers—obsoletes belts & pulleys, 

yet combines best qualities of conventional systems (Brochure B-8276)-Westinghouse 


HYDRAULIC 
Gear Motors outputs to 25 hp, speeds to 3000 rpm (Cat. DM-594, 2 pp.)}-Berry Hydraulics 
Gerotor .3 to 12.5 hp (PP6, 4 pp.) & Staff hi-torque (PPS, 4pp.)}-Double A Product Co. 
ROTO-VERSALS - Comb. motor & reduction with hi-speed reverse-Gearmatic Co., Ltd. 
Gear, to 100 hp., 1500 psi. (Specs and curve sheets, HY7)}series-Webster Electric 
Axial Piston, to 28 hp., 3000 psi. (Specs, curve sheets HY9)-series-Webster Electric 
Motor-Gear Reducer, 4.65 to 1, to 2000 psi. (Specs. Sheet HY6-1)}-Webster Electric 
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MOTORS, INTEGRAL 

2070-01 dea Book- Design Data. Special designs. Std. motor specs. & prices(Cat. 150, 14pp.) 
Doerr Electric Corp. 

The Fine Art of Building Better Motors (Bulletin PBAD00- 10-560, 12pp.)- Elliott Co. 

A Motor is A Series of Circles(Bulletin BP 6000-13, 12pp)-E Hliott Co. 

Standard motors made of Aluminum. Lighter than cast iron! Structurally stronger than 
cast iron, Built-in overload protectors; 1 - 7% hp. (Bulletins)}-Franklin Electric Co. 

industrial Motors, to 200 hp.(Broch. AMC-1, 4pp.)-Lima Electric Motor Co. 

GREEN SEAL Motors, totally enclosed(Data Sheet GS3-F1)-Lima Electric Motor Co. 

Genera! Full-Line Motor Catalog (Cat. #GSA-30-0, 8 pp.)}-Reuland Electric Company 

Intermediate H. P. Ratings for Motors (Reprint, 2 pp.)}-Reuland Electric Company 

Wound Rotor Motor Brochure (Bul. WRN-25-61, 6 pp. Reuland Electric Company 

Motors, integral. ..254-U and Larger. Car. de installed anywhere in any environment. 
Special rust resisting treatment. Laminated Mylar (DuPont registered trademark) and 
fag paper insulation are used in the slot cells. Ratings to 200 H.P. Open, totally en- 
closed, and explosion proof. (Bul. 520, 8 pp.)-Robbins & Myers, Inc. 

Pump Motors: (Bul. EM 203) describes full motor line for pump industry. Construction 
details, ratings, mounting dimensions of jet pump, vertical hollow-shaft, vertical 
solid-shaft & close-coupled types-A. 0. Smith Corp. 

Construction and design details of Integral-Horsepower Motors--both single-phase & 
Polyphase from frames 183 through 505. Complete with ratings, availabilities & 
dimensions. (Bul. EM 202)-A. 0. Smith Corp 

Vertical Hollow Shaft Motors: (Bul. El 204) Illustrates and describes features of 
vertical hollow-shaft motors for agriculture industry and municipal use. Electrical 
and mechanical modifications also inciuded.-A. 0. Smith Corp. 

Available In 4 to 200 HP - Drip-Proof 8 TEFC (Catalog)Sterling Electric Motors 

U.S. MOTORS Major Lines-illus., uses, feat. (F-1878 8 pp.)}-U.S. Electrical Motors inc. 

VARIDRIVE Variable rpm Motor-Illus., uses (F-1797 16 pp.)}-U.S. Electrical Motors Inc. 

SYNCROGEAR Gearmotors-iilus., types, feat. (F-1880 16 pp.)}-U.S. Electrical Motors 

UNICLOSED Dripproof Motors-Ilius., feat. (F-1856 12 pp.)-U.S. Electrical Motors inc. 

Wagner Motors and Transformers -- Prices, dimensions and description of standard types 
and ratings(F its-Ur-Pocket Price Book EU-2)-Wagner Electric Corporation 

Wagner Motors-integral hp., ployphase squirrel-cage, drip-proof, through 125 np, des- 
cription and dimensions. (Bul. MU-223, 8 pp.)-Wagner Electric Corporation 

7497-03 Wagner Motors-integral hn, polyphase squirrel-cage, TEFC, through 100 hp, des- 

cription and dimensions. (Bul. MU-224, 8 pp.)}-Wagner Electric Corporation 
LIFE-LINE A motors for the oi! field pumping inoustry (Bul. B-7874)}-Westinghouse 
Motors & Control for Deep Well Turbine Pumps (Bul. B-. 6737}Westingnouse 
LIFE-LINE A motors for Fan and Blower applications both indoor and outdoor 

ap lications (Bul. B-7066)-Westinghouse 


2394-01 
2394-02 
2821-01 


4432-01 
4432-02 
6@i-01 
6021-02 
6021-03 
6102-01 


6534-01 


6534-02 


6534-03 


6735-01 
7304-01 
7304-02 
7304-03 
7304-04 
7497-01 


7497-02 


MOTORS, SUB-FRACTIONAL 

0810-01 Electrical Components:Motors, Relays-F ul! L 
0810-02 Small a-c Motors:Reverse, Synchronous, Gear{ indexed Cat., 48 pp. )}- Barber-Colmar 
0990-01 Bodine Stock Motors (Bul. $-2A, 12 pp.)-Bodine Electric Co 

0990-02 Bodine Synchronous Motors (Bul. 1036, 20 +Bodine Electric 


ne(indexed Cat.,60 9p. )-Barber- Colman Co 


DD 0. 


0990-03 Bodine instrument Motors (Bul. IV-1, 28 pr 
neag-04 
1805-01 
2398-01 


Bodine Motorgram (External House 0 : 
Timing Motors, AC and DC (Bul. GE ( Div., Giannini Controls Corp. 
Motors, fractional and subfractional (Booklet 12 pages)-Emerson Electric of St. Lours. 
Complete specifications of 0.£.M. Motors, 1 h.p. and smaller. includes general and 
special purpose, shaded pole, and appliance motors 
Motors & gearmotors, AC & DC, .001 through .1 hp. (Cat. W-1, 70 pp.Globe industries 
Motors, Sub-Fractional - (3-page Specification and Data Sheet)-Hansen Mfg. Co., Inc 
Complete Line Of Motors and Blowers including specifications, dimensional diagrams 
and performance curves. (16 page Catalog)-Heinze Ele 
Complete line fractional, sub-fractional motors-(M23 
Full specifications complete line of Universa 
Sets, Gear Motors, Blowers - 1/2000 to | Ho. 
Howard Capsule Catalog (Folder, 8 pp}Howard Industries, Inc 
Convenient guide to complete line of Howard motors-al! types-1/2000 to 1 Hp. 
1/500 to '4 Hp. Superior motors because of quality const 
Universal sleeve, bal! bearings, maximum o1 


to 1/45 Hp.(Cat. 1061, 16 pp.)-Univer 


ole, induction Motors, Parts 


tion with new, patented 
apacities. New: Skeleton Motors from 


F lectr 0. 


MOUNTINGS 
2637-01 UNISORB Machine Mounts - Vibration control data (Mountings Bulletin}Felters Co 
7058-01 Wire components cost less, improve products (Des. Handbk, 24 pp.)-E.H. Titchener & Co. 


NAME PLATES 

1080-01  Self-bonding; Mylar, Aluminum, Viny! (Write for Engrg. Des. Kit NP729}W.H. Brady Co. 
1215-01 
1215-02 
2209-01 
2209-02 
2203-03 


Anodized Aluminum Foil Metal-Cals with adhesive backing (Cat. 12 pp. C & H Supply Co. 
Dymo tools and tapes (folder) - Dymo industries 

How and where to use Dymo labels (folder) - Dymo industries 

Dymo color coding systems (folder) - Dymo incustries 


NICKEL ALLOYS 
1323-01 


3717-01 


Electronic & Magnetic Alloys: §4-p Design Guide(Cat. 183)- The Carpenter Stee! Co. 

CHROMEL Nickel-Chromium Resistance Alloys - Four standard grades- A, AA, C, and 
D - Each described in separate catalog - Hoskins Manufacturing Co. 

5796-01 Wire, rod and strip(Cat. N-10, 38 pp.)-Porter Alloyist 
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Anodized and dyed Heavy Aluminum Name Plates up to .064 (Cat. 12 pp.-C & H Supply Co. 
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NOZZLES, SPRAY 
6619-01 industrial Spray Nozzles: 1/8 pint to 4000 gal./min. (Cat. 30 pp.)-Spray Engrg. Co. 
6723-01 = industrial:9 spray patterns(Cat. 59, 29 pp.)}-Wm. Steinen Mfg. Co., ind. Nozzle Div 


N' 
2403-01 


PRODUCTS 
“Products For Nucieonics” (6 pp.)}Engelhard inds., inc. 


NUMBERING SYSTEMS 
2758-01 Universal Rotary Numbering Head Component Syste 
wm. A. Force & Co., Inc. 


NUTS 

2295-01 Hexagon Nuts: (“Torque Tension Wanual No. 6191", If pp.}Elastic Stop Nut C 
Manual includes principles for selecting torque 
examples on how to use the tables 

2295-02 Nuts for bearing Locknut applications (Des. Man, 6111, 30 op.)-Elastic Stop Nut Corp. 
Manual discusses use of bearing Locknuts and yoke retainer applications. There are 
22 pages of dimensional data for design work 

Nuts for use on heavy-duty equipment (Bul. 590 IR, 16 pp.)}Elastic Stop Nut 
illustrates heavy-duty types of stop nuts and 

GRIPCO Fasteners - Complete line - Lock-Clinch-Weld nuts (Cat. | 

Nuts - Ferrous and Non-ferrous: Hex., S », t 
Complete design engineering specifications 
(Condensed Catalog, 16 pp.)}-National Machine F 

Lock Nuts, self-locking, spring steel(Cat. 992-A, 2 

Self-threading Nuts, form threads on plain stuc 

Pushnut Fasteners, push on plain studs, rods.(As 

Press Nuts (Data R-448)}-Rosan, Inc 

SPEED NUT Brand Fasteners & Clamps: Fu 

Benefits from Engineered Fastening ase + 


s with 12 tables of torque data and 


2295-03 
wide variety 
3330-01 
5206-01 


5508-01 
5908-02 
5908-03 
6219-01 
7051-01 


7081-01 


PACKINGS 

0693-01 LEATHER Packings for all services-Size 
2466-01 Leather: Packings, Washers, Gaskets, [ 
2898-01 Leather: Hydraulic(Cat. AD-115), Soft( 
5564-01 Engineering information and other data or 
5640-01  Packings, V-fing sets, specia 
560-02 Packings, molded fabric inserted(Catalog)-F 
5640-03 Packings, Homogeneous, cups, flanges etc. 
7272-01 United Metallic O-Rings, (Handbook, 32 pp.)-Uniteo Aircraft Pr 


PP 


1D action 


atalog }-Periflex, 


1602-02 “Technical Paper Sample Book” (15 pp.)}-Clearprint Paper 


6647-01 MARS-items to improve drafting & reproductior 


PERFORATED MATERIALS 
5638-01 


Perforating: 76 patterns, non-met. mat’ls. ( 


PHOSPHOR BRONZE 
5796-01 FLEXOGRAIN and RIVERSIDE 


PHOTOGRAPHIC EQUIPMENT (CAMERAS & ACCESSORIES, 
FILM, PAPER) 
43-01 Continous Reducing Printer & Photo Processor 
Div. Charles Bruning Co 
CHRYSLER MISSILE Engr/data distrib. system 
3M Company Microfilm Prods. 
REDSTONE ARSENAL speeds engr. data 
3M Company Microfilm Prods. 
RAYTHEON converts 1 million drawings to micro 
3M Company Microfilm Prods. 
US ARMY FINANCE speeds audit $3 million v On Microfilm- 
3M Company Microfilm Prods. 
BUREAU PUBLIC DEBT automates E Bonde 
3M Company Microfilm Prods. 
SOCIAL SECURITY JETTISONS PAPERWORK, microfilm, tape, computers- 
3M Company Microfilm Prods. 
RECORDAK Engineering Drawing Program: Comprehensive system for engineering 
drawing, filing, reference, distribution, prints.(Cat. A-877D, Bop.) Recordak Corp 
RECORDAK Case Study: “Records & Drawing On Microfilm.”"(4pp.)-Recordak Corp 
RECORDAK CASE STUDY: Microfilming At Detroit Edison.(4pp.)-Recordak Corp 
RECORDAK Micro-F ile Machine - 40 exposures per min.(Data Sheet)-Recordak Corp. 
RECORDAK 35 mm. Micro-Film Reader(Data Sheet)-Recordak Corp 
New FASTAX bulletin (4 pp.) 0 
results obtained-Woliensak 0 


A-2678, 8 or aragon Revo 


5022-01 


5022-02 


rofilm saves $- 
5022-03 
5022-04 


5022-05 


on microfilm & tape- 
5022-06 
5937-01 
5937-02 p 
5937-03 
5937-04 
§977-05 
7889-01 


nh speed photography: What it is, How it’s used, anc 
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PHLOW BLOCKS 

2061-01 Dodge Dependable Mounted Bearings (Bul. 10A, 80 pp.)}-Dodge Mfg. Corp. 

3258-01 With GRAPHALLOY Oilless Bushings, to 750°F; self-aligning, solic and split, also 
four-bolt flange block(Cat. 4, 52 pp.)}-Graphite Metallizing Corp. 

3258-02 GRAPHALLOY self-aligning reversible(DS 509, 16 pp.)-Graphite Metallizing Corp. 

4455-01 Pillow Blocks-ball, roller, sleeve(Cat.25500, 2951, 2823, 2707)}-Link-Belt Co. 


6273-01 Design Engineering Data on capacities and tolerances. installation, lubrication, and 
maintenance instructions. (Cat. 425, 336 pp.}SKF Industries, inc. 
7101-01 Spherical Roller Bearing Pillow Blocks - 2 & 4 Bolt (Cat. 860, 20 pp.) Torrington Co. 


PILOT LIGHTS, See LAMPS 


BALL-LOK Quick Release Pins(Cat. 10 pp.}-Avdel, Inc. 

ROLLPIN self-locking, spring-pin fasteners (Cat. 860, 19 pp.}Elastic Stop Nut Corp. 
Advantages, uses, applications, complete tech. data in charts, graphs, tables. 

GROOV-PINS - Complete Des. Engrg. Specifications (Cat. 12 pp.)}-Groov-Pin Corp. 

LEE PLUGS-Complete Design and Engrg.Specifications (20 pp.}»Lee Company 

Specifications, Advantages of Weld Nuts (Cat., Adv. 1194)}-Republic Steel 

Special Metal Parts-Formed, Heat Treated, Precision Ground(Cat. 24 pp.) Torrington Co. 


& FITTINGS 

Ductile iron Pipe, Tube, Fittings, Castings (Bul. L-127, 38 pp.)- Amer. Cast iron Pipe 

Adapters, Adapter Unions, Pipe Fittings (Cat. 206, 36 pp.)-Anchor Coupling Co. 

Hose - Flexible, plastic, non-collapsible(Catalog 860)-Dayflex Plastics Div. 

Pipe Guides & Supports (Engineering Guide 222-C-432, 8 pp.)-Flexonics 

Stee! fittings for hydraulic tube & pipe systems (Cat. FT-60, 6 pp. L & L Mfg. Co. 

Straight-thread fittings: S. A. E. O-ring & CN metal seal (CN59 16 pp.}-L & L Mfg. Co. 

L & L steel Hydraulic Fittings, Needle Valves (Bulletins}-L & L Mfg. Co. 

CONOSEAL Fittings: Small dia. Tube or pipe (Bul. 804)-Marman Div., Aeroquip Corp. 

FLEXMASTERS join tube or pipe w/o threading, flanging (Bul. 807)}-Marman Div., 
Aeroquip Corp. 

Centrifugally Cast Cylinders: Alloys, sizes, specs.(Bul. 500, 28 pp.)}-Sandusky Foundry 

Plastic protector for tubing & threads (Bul. 6104-GP, 4 pp.}S.S. White Industrial Div. 


PLASTIC FILM 

0292-01 PLASKON Nylon Films and PLASKON Wood-Flour Urea (Bul. 4 pp.)Allied Chemical 

Teflon FEP Film-{Technical Report T-1, 18 pp.) Outlines properties & suggested uses 
for film. -E. |. Du Pont de Nemours & Co. 

Mylar Polyester Film—(Technical Report M-1, 24 pp.}Outlines properties & suggested 
uses for film.-E. |. Du Pont de Nemours & Co. 

2255-04  Tenite Plastic Views, pkg. materials (Booklet, 19pp.)-Eastman Chemical Products, Inc. 

3216-01 Dielectric or Elec. insulating Properties of PLIOBOND Film(Bul. PB-1, 2pp.)-Gooryear 

4725-01 Masland Duran Clad - color line and samples - The Masiand Duraleather Co. 

5076-01 ULTRON: Information on viny! film & sheeting (Bul. TSB 2923}Monsanto Chemical Co. 


2169-01 


2169-02 


PLASTIC FINISHES 

292-01 PLASKON Coating Resins for Paints, Varnishes, Lacquers & Allied Products, types & 
description (Cat. 7-109-19, 22 pp.)-Allied Chemical 

292-02 PLASKON Phenolic Resin for Superior Furniture, Aluminum & Spar Finishes, types & 
description (Cat. 7-49-19, 6 pp.}Allied Chemical 

For expanded & non-expanded polystyrene and other plastics(Bull., T-566)- 

Maas & Waldstein Co. 

4725-01 Masland Duran Clad - color line and samples - The Masiand Duraleather Co. 


PLASTIC PARTS 
1679-01 Facilities Report (20 pp.)-Consolidated Molded Products Corp. 
Complete description on custom molded parts for all industrial purposes. 
1953-01 Hose - Flexible, plastic, non-collapsible(Catalog 860)-Dayflex Plastics Div. 
2034-01 Stock Plastic Handles & Knobs, no tooling, (Cat., 8pp.)-Dimco-Gray Co. 
2255-01 Plastics by Eastman (N.Y.Times supplement, 15 pp.}Eastman Chemical Products, Inc. 
2255-02  Tenite Butyrate for Outdoor Signs (Booklet, 40 pp.+Eastman Chemical Products, inc. 
2255-03  Tenite Cellulosic Plastics (Booklet, 7 pp.}-Eastman Chemical Products, inc. 
2255-05  Tenite Plastic Views, vacuum forming (Booklet 16 pp.)}-Eastman Chemica! Products, inc. 
2255-06  Tenite Polyethylene, summary of (Brochure, 8 pp.}Eastman Chemical Products, inc. 
2898-01 intricate, close-tolerance Shapes-wide range of Plastics(Cat. AD-177)}-Garlock Inc. 
5076-01 Monsanto Plastics: Properties and Application Data (Fact File}Monsanto Chemical Co. 
5139-01 Fluorocarbon parts, properties, forming data, applications & photographs (Cat. 50 pp.) 
Moxness Products, Inc. 

5567-01 —Inyection, Compression, Plunger-type custom molding (write for quotation} 

Patent Button Co. 
TEFLON: Standard Parts Catalog (Cat. 750 - 22 pp.}F luorocarbon Div. of Plastic 

and Rubber Products Co. 
TEFLON: Back-up Ring Size Catalog (Cat. 751 - 8 pp.}-F luorocarbon Div. of Plastic 

and Rubber Products Co. 
Extruded Plastic Parts (Folder DM-606)-Republic Rubber Div. 
6255-01 Plastic Parts, prec. custom inj. molding (Cat. 4 pp.)- Russell, Burdsall & Ward 
6516-01 Custom Plastic Molding, facilities data (Cat. 4 pp. & inserts}Sinko Mfg. & Too! Co. 
7731-01 Plastic Protectors: Threaded Acetate (Bul. 6104-AP, 6 pp.}S.S. White Industrial Div. 


5719-01 


5719-02 


5990-01 


60 


.--OF MANUFACTURERS’ FREE LITERATURE 


PLASTICS 
0292-01 PLASKON, Nylon Tubing for instrument-Air Service: gives properties, advantages & dis- 
s, methods of installation & cost analysis (Cat. 18 pp.}-Allied Chemical 

0292-02 PLASKON “Plastics & Resins in Brief’, lists characteristics and applications of 
PLASKON Plastics & Resins (Brochure, 10 pp.}Allied Chemical 

PLASKON Nylon Molding Compound, lists product data and typical properties, including 
applications (Bul., 4 pp.)Allied Chemical 

PLASKON Wood-F illed Urea, lists properties & data (Bul. 5-68-14, 4pp.)}-Allied Chemical 

PLASKON Plastics & Resins, general descriptions (Bul. 4 pp.}Allied Chemical 

PLASKON Nylon Films and PLASKON Wood-F lour Urea (Bul. 4 pp.)-Allied Chemical 

PLASKON: Nylon 6, Wood-Fiour Filled Urea; Fire Resistant Urea, & Alkyds (Bul. 4 pp.) 
Allied Chemical 

1359-01 Blow Molding Fortifiex, gen. data (Bulletin P3G, 16 pp.)}Celanese Corp. of America 

1359-02 CELCON, properties & handling instruc. (Bul. NP-44, 4 pp.)}-Celanese Corp. 

1359-03 Cellulose Acetate Mold. Compound, gen. data (Bul. A2B, 15 pp.)-Celanese Corp. 

1359-04 FORTICEL, gen. data on mold. compounds (Bul. A2A, 21 pp.}-Celanese Corp. 

1359-05 FORTIFLEX A60, gen. data (Bul. PLA, 10 pp.}Celanese Corp. of America 

1359-06 FORTIFLEX B50 Series, general data (Bulletin PIC, 6 pp.)}-Celanese Corp. of America 

1359-07 FORTIFLEX C & D, gen. data (Bulletin NP-37, 4 pp.)}-Celanese Corp. of America 

1359-08 Molded CLEANESE Cellulosics, prop. & appl. (Bul. A3B, 7pp )-Celanese Corp. 

1359-09 Molding FORTIFLEX A, gen. data (Bul. P3A, 10 pp.}Celanese Corp. of America 

1359-10 Polyester resins, summary data (Cat. OB1-4, 6 pp.)}-Celanese Corp. of America 

2200-01 DUTEZ Phenolic Resins and Molding Compounds; Dially! Phthalate Compounds; F ire- 
retardant Polyester Resins (Bulletins)-Durez 

Plastics by Eastman (N.Y. Times supplement, 15 pp.)}Eastman Chemical Products, Inc. 

Tenite Butyrate for Outdoor Signs (Booklet, 40 pp.Eastman Chemical Products, Inc. 

Tenite Cellulosic Plastics (Booklet, 7 pp.}-Eastman Chemical Products, Inc. 

Tenite Plastics Views, pkg. materials (Booklet, 19 pp.}-Eastman Chemical Products, Inc. 

Tenite Plastic Views, vacuum forming (Booklet 16 pp.}-Eastman Chemical Products, Inc. 

Tenite Polyethylene, summary of (Brochure, 8 pp.)}-Eastman Chemical Products, inc. 

Plastic and Chemical Materials (Cat. COC-381, 12 pp.}Chemical Materials Dept., Gen- 

etal Electric Company. Product features, applications and technical data on G. E.’s 
complete line of LEXAN polycarbonate resins and phenolic molding powders. Also 
phenolic laminating varnishes, phenolic foundry resins, Methylon coating resins, 
phenolic industrial resins, varnishes, and fused magnesium oxide. 

Vinyl, ABS, Polyurethane uses, properties-(Bull.PM-1,20pp)-8.F . Goodrich Chemical Co. 

New Abson ABS plastic-uses, description (Bull. G-22,12pp}-B.F. Goodrich Chemical Co. 

Estane—first thermoplastic polyurethane (Bull.G-18,16 pp}-B.F. Goodrich Chemical Co. 

Viny! sheet technology, duct, fume hoods-(Bull.G-17, 20 pp)-B.F. Goodrich Chemical Co. 

Extruded rigid vinyl components (12-page Bulletin)-B.F . Goodrich Chemical Co. 

Thermoplastics Comparison Chart-( 4 pages}A. L. Hyde Company 

CYCOLAC Brand ABS - Specifications, Applications, Materials Description - (Catalog, 
8 pp.)-Marbon Chemical 

CYCOLAC Story - 16 mm Sound Color Film featuring Marbon Chemical applications, 
Properties, and production. Marbon Chemical 

Comparison Chart Brochure - Compares the mayor properties of 8 mayor design plastics. 
Marbon Chemical 

Masiand Ouran Clad - color line and samples - The Masiand Duraleather Co. 

Monsanto Plastics: Properties and Application Data (Fact File)}-Monsanto Chemical Co. 

“Designing With Vinyl’’--characteristics, properties and uses-Monsanto Chemical Co. 

LUSTREX Styrene-Molding materials (Data Sheet, 3042}Monsanto Chemical Co. 

LUSTRAN-Technical and application information on new molding and extruding materials. 
LUSTRAN A is a unique styrene~acrylonitrile copolymer. LUSTRAN | is a series of 
terpolymers of styrene, acrylonitrile and butadiene. Each is developed by a unique 
polymerization method that permits product structuring to meet desired specifications. 
(See ad page }-Monsanto Chemica! Co. 

7013-01 Heat Reflection for Flexible Materials-Through Alumination by Thermo-Chem Corp. (4 pp.) 

7258-01 BAKELITE REVIEW (J-2253, 20 pp.)-Unton Carbide Plastics Company 

7258-02 Materials and Data Guide (J-2110, 12 pp.)}-Unior Carbide Plastics Company 

7258-03 Injection Molding of BAKELITE Polyethylene (J-2229, 32 pp.) 
Union Carbide Plastics Company 

BAKELITE Vinyl! Resins For Plastisols and Organosols (J-2148, 24 pp.) 
Union Carbide Plastics Co. 


0292-03 


0292-04 
0292-05 
0292-06 
0292-07 


2255-01 
2255-02 
2255-03 
2255-04 
2255-05 
2255-06 
3006-01 


3213-01 
3213-02 
3213-03 
3213-04 
3213-05 
3784-01 
4684-01 


4684-02 
4684-03 


4725-01 
5076-01 
5076-02 
5076- 03 
5076-04 


7258-04 


PLASTICS, LAMINATED 
1683-01 Vulcanized Fibre & Laminated Plastics (12 pp.)}Continental-Diamond Fibre Corp. 
4725-01 Masiand Duran Clad - color line and samples - The Masiand Duraleather Co. 


PLASTICS, REINFORCED 

4410-01 FIBERGLASS MOLDING TODAY-Complete Design-Engrg. Data (Cat., 24 pp.}G.B. 
Lewis Co. Designing, tool & dies, methods, fabrication & assembly and finishing. 

(Brochure, 32 pp.) describes properties, applications & design considerations for 
fiber glass reinforced plastics--Molded Fiber Glass Companies 

GLASS Reinforced Plastics (custom molding data, 6 pp.)}-Structurlite Plastics C orp. 


5049-01 


6847-01 


PLATINUM ALLOYS 

2403-01 Wilco Platinium Alloys(“*Electrical Contacts”, pp.140-148)-Engelhard Inds., Inc. 
4347-01 PLATINUM ALLOYS-Comp. Des. Specs.(Tech. Data Bul. 500)}-Leach & Garner 
7002-01 MULTILAYER Platinum-clad Metals-(Cat. 10-16, 35 pp.}- Texas instr. Incorporated 
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PLUGS 
4363-01 


6255-01 
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LEE PLUGS-Complete Design and Engrg. Specifications (20 pp.)-Lee Company 
Delrin Plugs, desc. & data (Cat. 2 pp.)-Russell, Burdsall & Ward 


POWDER METAL PARTS 


1566-01 


3186-01 


4095-01 
4095-02 
6255-01 


7312-01 


AMPLEX Powder Metal Engineering Manual (E-59, 45 pp.). How to determine correct 
applications for powder metal parts, bearings, filters. includes computations of loads 
and speeds-plus materials selection guide. Amplex Division, Chrysler Corp. 

SUPERMET Powder Metal Parts -- High Density(Bull. PE-1, &pp.)-Supermet Div., 
Globe ind. inc. 

Ferrous & non ferrous powder metallurgy products (Brochure JBL 4)-Johnson Bronze Co. 

Standard stock powdered bronze bushings (Brochure JBL 13)-Johnson Bronze Co. 

Sintered Products, description & data (Bul. SP-1, 4 pp.)- Russell, Burdsall & Ward 

GRAMIX, Products from Powder Metallurgy, information on manufacture with specific 
information on GRAMIX bearing load charts, running clearances, & methods of 
assembly (Engineering Bulletin 21, 8 pp.)-The United States Graphite Co. 


POWER PACKS 


2106-01 
4491-01 
7443-01 


Circuit Master power units with L-shape design (Cat. PP4, 4 pp.)}-Double A Product Co. 
Hydraulic Power Units: Complete Engrg. Specs.-Logansport Machine Co., Inc. 
Hydraulic power packs, motorized, 1500 psi rating (Bulletin 61-82, 4 pp.) Vickers Inc. 


POWER UNITS. HYDRAULIC 


1563-01 
2403-01 
3393-01 


DC: Regulated & Semi-Reguiated up to 1500 amp. (Bul. AC-61)-Christie Electric Corp. 
Precious Metal Suspensions: elec./electronic uses (Bul. 14, 3 pp.)}-Engethard Inds. 
Precious metal recovery - “Waste Disposal” guide (Bul. 24, 4 pp.}-Handy & Harman 


PRINTED CIRCUITS 


1188-01 


7058-02 


Printed Circuit Drafting Aid Chart with MIL Spec. (Bul. P-30A, 6 pp.)}-By-Buk Co. 
Welded wire circuit board holders & nests cost less(Free Data}-E. H. Titchener & Co. 


PRODUCTION TOOLS & PROCESSES 


0922-01 
0922-02 
2003-01 


2457-01 
2588-01 


2655-01 
3168-01 
4167-01 


4309-01 


4491-01 
4518-01 
4518-01 


5179-01 
5179-01 
5265-01 
5324-01 
5324-02 
5642-01 
5673-01 


6080-01 
6080-02 
6080-03 
6323-01 


7515-01 
7731-01 


Index Tables - Description and dimensions (Bull. RT-1326A 12pp.)-Bellows-Valvair 

Drilling Units - Description and specifications (Bull. CD-75 20 pp.)-Bellows-Valvair 

DI-ACRO Press Brakes, Benders, Shears, Punches, Rolls, Spring Winders: Full line of 
equipment for prototype duilding, R&D work. (Line Catalog No. 61}Di-Acro Comp. 

EX-CELL-O Drill Jig Bushings-Des. Engrg. Specs. (Cat. 356025, 8 pp.)}-Ex-Cell-O Corp. 

Complete specifications--All sizes from extra smal! to large heavy-duty types; also 38 
pp. design engrg. data (Cat. "’L*’, 170 pp.)-The Federal Bearings Co., Inc. 

index Tables, Drives, In-line Machines(Cat. 160, 36 pp.)-Ferguson Machine Co. 

Gleason Geat-Making Equipment (Literature On Gears & Machines)-Gleason Works 

Metal Forming Facilities for Production & Prototype Parts: describes complete engin- 
eering & production service; including hydroforming, deep drawing, & spinning. 
Description of Kaupp facilities including: lathes, milling machines, grinders, presses, 
metal-spinning lathes, saws, jig borer, shears, spot welders & misc. equipment 
(Bulletin, 2 pp.}+C. B. Kaupp & Sons 

Hydroforming Service: describes complete service for forming of prototype, pre- 
development, & production parts. Descriptions, capacities & illustrations of machines 
ate given Advantages of: fewer drawing operations; simpler tooling; faster set-up & 
improved quality are outlined (Catalog 4 pp.}+C. 8. Kaupp & Sons. 

Pins, Guide: Removable, straight, shoulder, stripper, commercial, precision. 
specs, description, prices (Cat. 8-8)}Lamina Dies and Tools, inc 

Chucks, power-operated: Complete Engrg. Specs.-Logansport Machine Co., inc. 

Ratchet Wrenches of special and custom design(Data File, 8 pp.)}4_owell Wrench Co. 

Strap Wrenches for turning delicate & odd shapes(Brochure C-14, 6 pp.)- 
Lowell Wrench Co. 

Cut Broaching Costs (Bulletin B60-A, 12 pp.)-National Broach & Machine Co. 

Unitized Broaching Fixtures (Bulletin B60-1, 12 pp.)-National Broach & Machine Co. 

Automatic Stud Welding - production unit-Nelson Stud Welding 

Spray Gun, general information on airless spray system (Cat. 3 pp.}Nordson Corp. 

Spray Gun, data on airless Versa-gun & advantages (Cat. 8 pp.}-Nordson Corp. 

Spring Coiler: descriptions & feature of models (Cat. 4 pp.)}-Perkins Mach. & Gear Co. 

PHOENIXSPUN Metalforming: aluminum alloys, titanium, exotic metals(Brochure)- 
Phoenix Products Co, 

TORQ-STOP Wrenches: Adjustable, interchangeable heads (Data Sheet  TC}-Richmont, inc 

New MODEL F Torque Wrench. 16 types. L ow Prices: (Data Sheet F, 2pp.}-Richmont, Inc. 

Torque-limiting Screwdrivers. Two types-full range (Data Sheet TT}Richmont, inc. 

Schatz Commercial and Functional Precision types (Cat. 12, 36 pp.) 
The Schatz Manufacturing Company 

For bores and housings .250°’ to 8” dia. (Cat. RT-61, 6pp.)}Waldes Kohinoor, Inc. 

industrial Abrasive Unit, gen. data (Bul. 6006, 16 pp.}S.S. White Industrial Div. 


omplete 


PROTECTIVE DEVICES, MOTOR 


2061-01 
2112-01 


4797-01 
7002-01 
7713-01 


FLEXIDYNE Drives and Couplings - Dry Fluid drive (Bul. 70, 20 pp.}-Dodge Mfg. Corp. 
Complete line of bar stock and forged stee! high pressure Needle Valves from 1/8** to 
1” for water, oil, gas, corrosive fluids in all types of metals and connections. 
Pressures from vacuum to 30,000 psi. (Catalog 4 pp.)}-Dragon Engineering Co. 
Circuit Breakers, Motor Protectors, Relays(Cat. 608, 40 pp.)-Mechanical Prod. 
KLIXON Inherent Overheat Motor Protectors-(Cat. 10-6, 66 pp.)}+Texas instr., inc. 
Complete story in brief Q & A style on new GUARDISTOR motor protection 
(Bul. B-7876A)-Westinghouse 
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6021-01 


6215-01 
6264-01 


6858-02 


6858-03 


7902-02 


7902-04 


2916-02 
4383-01 
4383-02 


2403-01 


7290-01 


1563-01 
1963-02 
4362-01 


0099-01 


7601-01 
7623-01 


FREE LITERATURE 


.--OF MANUFACTURERS’ 


s 
TAPER-LOCK Stee! Conveyor Pulleys (Bul. A671A, 12 pp.}Dodge Mfg. Corp. 
Pulleys, Flat and V Belt (Bulletin PA, 4 pp.)}+New Departure Div. GMC 


2061-01 
5270-01 


PUMPS, AIR 

0216-01 MEASURE-MATIC: adjustable precision metering(Bul. 91048, 4 pp.)-Airmatic Valve 
4383-01 Rotary Pumps, Vac. to 29.9", Press. to 20 Ibs. (Cat. 561, 32 pp.)-Leiman Bros., inc. 
6215-01 TELL TALE Filters: Suction, press., sizes, flow curves(Cat. 24pp.)}-Rosaen Filter Co. 


PUMPS, HYDRAULIC & LIQUID 

0941-01 Gear Pumps to 85 gpm and 3000 PSI (Cat. B/D-608, 4 pp.)}-Berry Hydraulics 
Also, data on rotating piston pump/motors-7% to 300 gpm; motors to 400 hp 

Gerotor pumps, .24 to 43 gpm, up to 2000 psi (Cat. PP6, 4 pp.)-Double A Product Co. 

Air-opetated hydraulic pumps (Cat. 65, 32 pp.)-Lincoln Engr. Co 

Hundreds of Self-Priming And Straight Centrifugal Pumps are catalogued in (Catalog 
CL.-11) including performance, specifications, dimensions, capacities and accessories- 
Marlow Pumps Div., Bell & Gossett Co. 

Pump Engineering Manual (EM-611, 42 pp.)-complete hydraulic information for selec- 
tion, application, and system designing--Marlow Pumps Div., Bell & Gossett Co. 

Rotary Gear Pumps--selection tapies--dimensions(Bul. 43, 4pp.)-Northern Ordnance Inc. 

Close-Coupled Pump-Motor (Reprint, 2 pp.}-Reuland Electric Company 

Pumps, Liquid. ..no pistons, no valves, no high speed impellers on MOYNO. Only one 
moving, pumping element--a screw-like rotor. ‘Progressing Cavity” action handles 
materials from water-like liquids to abrasive slurries. For spraying insecticides, 
aromatic solvents, wettable powders(Bu!l. 150.1, 2pp.) Six sizes... capacities to 360 
GPH--pressures to 40 PSI (Bul. 150.2, 2pp.) Compact Motor-Pump units for low 
Capacities, low pressures(Bul. 150.3, 2 pp.) Capacities to 3000 GPH. . . pressures io 
350 PSIG (Bul. 150.4, 4 pp.) Compact Motor-Pump Units for coolant applications 
(Bul. 150.5, 2 pp.) For less severe applications to 3000 GPH. .. to 350 PSIG (Bul. 
150.6, 4 pp.) Complete Motor-Pump Units. . . to 26 GPM. .. to 350 PSI(Bul. 
150.7, 4 pp.)}-Robbins & Myers, inc. 

TELL TALE Filters: Suction, press., sizes, flow curves(Cat. 24 pp.)}Rosaen Filter C 

Gusher Coolant Pumps, describes characteristics, sizes and applications (Condensed 

Catalog, 16 pp.)}-Ruthman Machinery Co 

ROTO-ROLL Pumps; Low pressure and low cost. Complete engineering specifications 
and drawings. (Bulletin, 4 pp.}Sundstrand Hydraulics Div. 

OB Rotary Oil Pumps. Complete design engineering specifications and drawings 
(Bulletin, 2 pp.}-Sundstrand Hydraulics Div 

Rotary positive displacement pumps for all applications. Complete line. Design 
engineering specifications(Catalog #100, 12 pp.) Tuthill Pump Company 

Internal Gear Pumps: A complete line of over 800 internal gear, positive displacement 
fotary pumps(Catalog #100, 12 pp.)- Tuthill Pump Company 

High capacity vane pumps for mobile equipment (Bulletin M-5113, 8 pp.)-Vickers Inc. 

Vane-type fuel pumps for turbine engines (Bulletin A-5242A, 6 pp.)-Vickers Inc 

Motorpumps, custom built for aircraft, missiles (Bulletin A-~5258, 8 pp.) Vickers, Inc. 

Pumps: description & application (Form 409X, 8 pp.}Viking Pump Co 

Pumps: fundamentals, types & data (Form KX, 36 pp.}-Viking Pump Co 

Gear-Type, to 120 gpm. (Specs. and curve sheets, HY1)}series-Webster Electric 

Axial Piston, to 14 gpm. (Specs. and curve sheets, HY5-series)}Webster Electric 

Gear Pumps, Controlled Pressure Loaded(Bulletin P3)-Wooster Division, Borg-Warner 

Rotary Pumps, Gen. Serv. (Bulletin 2060-818, 8 pp.)-Worthington Corporation 

Rotary Pumps, Heavy Duty (Bulletin 2064-B1A, 8 pp.}Worthington Corporation 

Rotary Pumps, Heavy Duty Steam Jacketed (Bulletin 2066-B1A, 8 pp.}-Worthington Corp. 

Standard End Suction Centrifugal Pumps (Bulletin 2004-B1, 16 pp.}-Worthington Corp. 


2106-01 
4437-01 
4694-01 


4694-02 
5337-01 


6102-01 


7209-01 
7209-02 


7443-01 
7443-01 
7443-02 
7448-01 
7448-02 
7650-01 
7650-02 
7891-01 
7902-01 


7902-03 


PUMPS, VACUUM 

216-01 Air Motors; Lub. & Oil-less Compressors & Vac. Pumps(Cat. 660, 12 pp.)}-Gast Mfg. Co. 
Ait Motors, Air Compressors, Vacuum Pumps (Full line Cat., 64 pp.)}-Gast Mfg. Co. 
Rotary Pumps, Vac. to 29.9", Press. to 20 ibs. (Cat. 561, 32 pp.}-Leiman Bros., Inc. 
Vacuum and Pressure Applications (Bulletin 7359, 63 prints)-Leiman Bros., Inc. 


QUARTZ 
“High Purity Fused Quartz, Center For’ (10 pp.}Engelhard inds., Inc. 


Recorders, Temperature Control-United Electric Controls Co. 


DC: Regulated & Semi-Regulated up to 1500 amp. (Bul. AC-61)-Christie Electric Corp. 
Arc Lamp (Bul. AL-57)-Christie Electric Corp. 
Transient controlled silicone rectifier(Bul. F-761, 1 pp.}-Ledex inc. 


REGULATORS, ELECTRICAL 
ACME Constant Voltage Stabilizers, 15 to 2000 VA (Cat. 09-BO1}Acme Electric Corp, 


REGULATORS, AIR & HYDRAULIC 
Flow Regulators, Hydraulic; Fixed or Adjustable (Cat. 44 pp.}-Waterman Hydraulics 
Air line filters, regulators, lubricators (Folder F15E, 4 pp.) -Watts Regulator Co. 
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RELAYS 
0729-01 Relays-For Circuit or Load Control(Cat. 57-S6, 46 pp.)-Automatic Switch Co. 

10-01 Electrical Components:Motors, Relays-Full Line(indexed Cat.,60pp.)}-Barber-Colman Co. 
1890-01 Magnetic Single & Multi-pole Relays (Panelbuilder’s Handdook, 122 pp.)-Cutler- Hammer 
2295-01 AGASTAT, Time Delay - ind. Miniature & Solid State (Bul. SR1, 4 pp.}ESNA, 

547-01 Scanner Relays: Types & uses (Bul. PE~3, 4 pp.}-Farmer Electric Products Co. 

547-02 Photoelectric Relays & Parts (Bul. 1-61, 2 pp.}Farmer Electric Products Co. 

4797-01 Circuit Breakers, Motor Protectors, Relays(Cat. 60B, 40 pp.)4Mechanical Prod. 
5733-01 Solenoids & Relays, data on both products (Cat. 34 pp.}-Joseph Pollak Corp. 
5810-01 Relays, Electro-magnetic: Engineering Specs. (Cat. 60, 16 pp.)-Potter & Brumfield 
5810-02 Relays, Electro-magnetic: U/L listed. Specs. (Bul. LO0AY, 4 pp.}Potter & Brumfield 
5810-03 Relays, Electro-magnetic: Std. models, prices (Cat. 100., 8 pp.)-Potter & Brumfield 
5810-04 Relays, Telephone-type: Engineering Specs. (Wall Chart}Potter & Brumfield 

113-01 New Control Relay which cuts pane! space up to 78%. (Bul. B-7345}-Westinghouse 


_——e EQUIPMENT 
Whiteprinters: 42-in. REVOLUTE STARLETS(Bul. A-2846, 4 pp.}Paragon Revolute 
ROCKETT line of REVOLUTE Whiteprinters(Bul. A-2857, 4 pp.)-Paragon Revolute 
REVOLUTE STAR Whiteprinters (Bul. A 2726, 6 pp.)}-Paragon Revolute 
REVOLUTE COMET Whiteprinter: 60 ft. per min.(Bul. A-2673, 8 pp.)-Paragon Revolute 
OPYFLEX printing machines -9 models(Bul. A~2360, 12 pp.}Charles Bruning Co. 
Bruning COPYFLEX Model 61 Printer(Bul. A~2831, 4 pp.)-Charles Bruning Company 
Bruning COPYF LEX Model 675 (Bul. A-2433, 8 pp.)}-Charles Bruning Company 
OPYF LEX Model 440 - Printmaker (Bul. 2581, 4 pp.)-Charles Bruning Company 
*Technical Paper Sample Book’*(15 pp.)-Clearprint Paper Co. 
RONAFLEX Engineering Reproduction Films (catalog A-17936); also bulletins 
describing use in restoring old drawings (A- 19066) and use of photodrawings 
(A-18202} E. | . du Pont de Nemours & Co. 
Whiteprint machines, papers, techniques, systems (Bkit SP-60-62, 12 pp) Ozalid, GAF 
Convenience copier, completely automatic (Folder SP-61-15, 6 pp) Ozalid, GAF. 
Diazo sensitized papers, film, cloth, properties (Cat. SP-60-06, 28 pp) Ozalid, GAF. 
Whiteprinter, 42° capacity, 75 fpm, new benefits (F lier SP-60-73, 2 pp) Ozalid, GAF. 
MARS-items to improve drafting & reproduction( 1961 Cat.-22pp.)-J. S. Staedtler, Inc. 


RESINS 
92-01 PLASKON “Plastics & Resins in Brief”, lists characteristics and applications of 
PLASKON Plastics & Resins (Brochure, 10 pp. Allied Chemical 

PLASKON Polyester Resins, “An Introduction to Premix Molding’* (Cat. 6-661, 8 
Allied Chemical 

silicone; for paints; resistant to heat and weathering(Broch. 7-904, 4 pp.)Dow Corning 

Silicone; for laminates for dielectric/structural uses(Broch. 7-401, 4 pp.)}Dow Corning 

REZ Phenolic Resins and Molding Compounds; Dially! Phthalate Compounds; F ire- 

retardant Polyester Resins (Bulletins}-Durez 

RESINOX High temperature resistance resins (Tech. Info.)}-Monsanto Chemical Co. 

Polyethylene-injection & biow-molding resins (Data Sheet, 2807)-Monsanto Chemical Co 


RESISTORS 
? HROMEL-R Premium Potentiometer and Precision Resistor Wire - Complete Technical 
& Wire Specific .- Hoskins Manufacturing Co 


ations -(Bulletin 111, 8 pp 


RESOLVERS 


23, 60 thru 10,000 cycles (Data File}Vernttron Corp 


RETAINING RINGS 
ngineering Specifications -- Industrial Retaining Rings. (Cat 61, 24pp.}- 
ial Retaining Ring Company 
Justrial Series 3000 Pre-stacked Internal Retaining Rings. Sizes and specifications. 
}-Industrial Retaining Ring Company 
Pre-stacked External Retaining Rings. Sizes and specifications. 
older 31, § pp.}-Industrial Retaining Ring Company 
Avarlable types, typical applications (Cat. 10-58, 24pp.)}-Waldes Kohinoor, Inc. 
Series 5160 heavy-duty ring{Bulletin 455-14, 2pp.)}-Waldes Kohinoor Inc. 
? Mo stainless stee! rings (Bulletin 459-1a, 4pp.}-Waldes Kohinoor, Inc. 
Military Standards and specifications(Bulletin 459-5 4pp.)-Waldes Kohinoor, Inc. 
Pliers for different ring types, sizes (Bulletin 459-15, 4pp.)-Waldes Kohinoor, Inc. 

5 for mechanized ring assembly (Bulletin 459-13, 4pp.)-Waldes Kohinoor, inc. 
Automatic tools for cutting ring grooves (Cat. RT-61, Spp.)}-Waldes Kohinoot, Inc. 
roove and bore gages, location gages (Bulletin 459-10, 4pp.}-Waldes Kohinoor, Inc. 
For bores and housings .250"" to 8’’ dia. (Cat, RT-61, 6pp.)-Waldes Kohinoor, Inc. 


Jer 30, 6 pp 


industrial Serves 3100 


New Truarc 
Armco PH 15- 


SHOBERT High Speed Riveting System(Bul R-4321, 4 pp.)-Avdel, Inc. 

Cherry Commercial Blind Rivets: specs., application data, tools(Cat. TCL-160, 12pp.) 
In aluminum, mild steel, monel-Chemy Rivet Division, Townsend Company 

Blind (Drive) Rivets installed with a hammer (Brochure, 8 pp.)Southco 


NON- METALLIC 
TEFLON Tapes, Yarns, Molded Shapes and Products-~Cat.,22 pp.}Chemo Products, Inc. 


-.-OF MANUFACTURERS’ FREE LITERATURE 


SHAPES 
Rolled Rings, Steel(Bul. TB-483, 8 pp.)}-Tubular Products Div., 
The Babcock & Wilcox Co. 
Metal Mouldings-Cat. shows 2200 Standard Shapes-Dahistrom Mfg. Corp., Jamestown, N.Y. 
ROTO-FLO “chipless machining’’ (Bulletin RF-60, 8 pp.)}-Michigan Tool Company 
Describes how process works, typical parts to which applicable and advantages over 
conventional machining such as increased output, greater contact area, finer finish, 
lower cost, material savings, etc. Bulletin contains photos showing greaver grain 
density due to coldworking resulting in higher permissible torque loadings and 
greater fatigue life. 


0783-01 


1904-01 
4896-01 


RUBBER 
2110-01 Complete line of different forms of Silicones for mechanical and electrical applications 
(Reference Guide 1-115, 16 pp.)-Dow Corning 


3213-06 Synthetic rubber, uses & properties (12-page Bulletin)-B.F . Goodrich Chemical Co. 


RUBBER PARTS 

0661-01 Rubber Products (Cat. 52., 158 pp.}-Atlantic india Rubber Works, inc. 
Over a thousand diagrams and pictures of molded, extruded, and fabricated rubber 
products for the manufacturer - al) available from existing molds and dies. 

Molded, Extruded, Die-cut Shapes: Close-tolerance sizes.(Cat. AD-167)- Garlock, Inc. 

Fuel cells, full details on R&D (Bul. S-1734, 18 pp.}Goodyear 

Rubber Parts, Seals, and Components-custom-made (Bul. 8 pp.}Goshen Rubber Co., In 

Boots, Seals, Sleeves, Bellows, Tubing, Covers, Caps(Brochure)}-Midwest Rubber Co. 

Rubber Parts, O-Rings, QUAD-RINGS(MR Fact For Filing)-Minnesota Rubber 

Rubber products, complete description of principal products: custom-made rubber parts 
for manufacturers in the automobile, agriculture, electrical appliance, toy and other 
industries (ORCO Bulletin 715, 8 pp.) The Ohio Rubber Co. 

O-Rings, properties, applic. & sizes (Handbook, 96 pp.)}-Precision Rubber Products Corp. 

Face-To-Face, Bolt & Rivet Head Seal (Booklet, 8 pp.)}-Precision Rubber Products Corp. 

O-Rings (Cat. 6 pp.}-data on VITON & silicone O-Rings-Precision Rubber Products Corp. 

Molded Rubber Parts (Folder OM-606)-Republic Rubber Div. 

Silicone Modified Rubber Parts (Cat. SMR)}-Stoner Rubber Co., Inc. 

Molded & Lathe-cut Rubber Parts for al! industries-Western Rubber Co. 

Mechanical rubber parts (Cat., 12 pp.}The Williams-Bowman Rubber Co. 


2898-01 
3216-01 
3222-01 
4950-01 
5031-01 
5418-01 


5841-01 
5841-02 
5841-03 
5990-01 
6813-01 
7690-01 
7794-01 


SCREW FASTENERS 
6219-01 Request General Catalog (PLR-50)-Rosan, Inc. 
6570-01 . Quick Access fasteners for doors, panels, hoods, covers (Handbook !|1, 56 pp.)-Southco 


SCREW MACHINE PARTS 
3951-01 BeCu MICROPROCESSED Parts(Cat. 11, 19 pp.)-Instrument Specialties Co. 
437-01 Sctew machine production parts(Bul. 921, 18 pp.)-Lincoln Engr. Co. 


5148-01 Screw Machine Products: brass, bronze, alum.(Cat. 58563, 60p.)-Mueller Brass 


SCREWS 

0779-01 Allen Set and Socket Screws (Screw Data Hancbook)-Allen Mfg. Co 
3555-01 
5085-01 
5409-01 
6435-01 


ELI-COIL Screw-thread & Screw-Lock Inserts(Bulletins)-Helt-Coi! Corp. 
‘a Screws: Headless, Square, Socket. Price Catalog with sizes-George W. Moore, Inc. 
Weld Screws (Cat. 60, 44 pp.), Levelers ( -Chio Nut & Bolt C 


Socket Screw Products & Set Screws, tech. data (Ca , 25 pp. Set Screw & Mfg 


SEALANTS 

522-01 Adhesives-Coatings & Sealers: Gen. properties (Cat. Z-ABD, 

7020-01 Flexible sealant for 0.E.M., assemblies (Sulletin |A-100, 8 pp.}- Thiokol Chem. Corp. 
Properties of and applications for polysulfide base sealants, flexible rubber-like 
compounds for sealing and bonding joints, electrical potting, flexible molding. 


8 pp.+3M Company 


SEALS 

0693-01 0 RING Design Book-available sizes, compounds, groove data (20 pp.)- Auburn Mfg. Co. 

1057-01 Seal Ring Assembly (Brochure and Instruction Manual) Bowen Itco. Inc. 

2052-01 Basic shapes, fabricated parts in Rulon and Teflon(Cat.9572, 4 pp.)}-Dixon Corp. 

2187-01 OURA family of Metallic Seals - DURASEAL (Cat. 458, 16 pp.}Durametailic Corp. 

2187-02 HPTO High Pressure DURASEAL: 600 to 2000 psi at 5000 fpm (Cat. 492) 
Durametallic Corp. 

Designs, hints, specs., to improve Felt Seals and cut costs(Seals Kit)}-Felters Co 

Shaft Seals using metal bellows for severe service (Cat. R)-Fulton Sylphon Div. 

Seals: Oil and Grease(Cat. AD-181), Mech.(Cat. AD-150and AD-164)-Garlock inc. 

O-Rings-Sizes, groove dimen.-compounds (Bul., 16 pp.}Goshen Rubber, Inc. 

TETRASEALS-Rectangular section seals (Bul., 16 pp.)}-Goshen Rubber Co., Inc 

GRAPHALLOY and GRAPHLON(inquiry Form 130, 1 pg.)-Graphite Metallizing Corp. 

K-SEAL Metal Seal Handbooks and Technical Bulletins. Lists specs and “‘on the job”’ 
record of K-Seals in Missile and Aircraft field. AN Port Seals (Cat. 101); 3 Face-type 
Seals, standard and miniature (Cat. 201); External Pressure Seals (Cat. 301). 
Technical Bulletins 1001, 1002 and 1003 cover Installation, Handling and Care of 
K-Seals-Hartison Manufacturing Co. 

LEE PLUGS-Complete Design and Engrg. Specifications (20 pp.}-Lee Company 

Magnetic Shaft Seals - Magnetic Sea! Corporation 
Standard and Special Applications. Complete Engineering Specifications. 


2637-01 
2849-01 
2898-01 
3222-01 
3222-02 
3258-01 
3447-01 
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5103-01 Molded Carbon Seals and Rings; Carbon Specialties (Bul., 6 pp.}-Morganite, 
5215-01 National Oi! Seals-Specifications (Cat. 9E, 4 pp.)-National Seal Division 
5215-02 National Oi! Seals-Specifications, sizes available (Cat. 58, 100 pp.) 
National Sea! Division 
National O-Rings-Specifications, sizes available (Cat. 
National Sea! Division 
Catalogs, on GASK-O-SEALS, O-rings, STRIP--SEAL-Parker Seal Co. 
Catalog and information on Back-up rings, etc.-Parker Seal Co. 
O-Rings—Technical Data Reference Log (Cat. 1581A, 16 pp.}Plastic and Rubber 
Products Co. 
O-Rings—Complete 
Products Co. 
0-Rings--Dimensiona! Slide Chart--Piastic and Rubber Products Co. 
O-Rings--Des. Engrg. Specs. (Cat. 525A, 48 pp.}Plastic and Rubber Products Co. 
O-Rings, properties, applic. & sizes (Handbook, 96 pp.}Precision Rubber Products Corp. 
Face-To-Face, Bolt & Rivet Head Seal (Booklet, 8 pp.}Precision Rubber Products Com. 
O-Rings (Cat. 6 pp.}-data on VITON & silicone O-Rings-Precision Rubber Products Corp. 
TRU-SEAL Fittings for threaded connections: to 500 F, 3000psi (Bul.)-F lick-Reedy Corp. 
United Metallic O-Rings, (Handbook, 32 pp.)}-United Aircraft Products Inc. 
BAR-X- Metal Seal, -400° to +1500° F. Des. & Specs.(Cat. GC-7A)-E. 8. Wiggins 


§215-03 204, 36 pp.) 
5564-01 
5564-02 
571%-01 
5719-02 Gland Dimensiona! Data (Desk and Wall Chart)}-Piastic and Rubber 
5719-03 
5719-04 
5841-01 
5841-02 
5841-03 
7182-01 
7212-01 
7779-01 


ar” ett COMPONENTS 
10-01 Electrical Components:Motors, Relays-F ul! Line(indexed Cat.,£0 pp.)}-Barber-Colman Co. 

SHEAVES 

2061-01 Dodge FHP Sheaves and FHP SEALED-LIFE Belts (Bul. A687, 4 pp.}-Dodge Mfg. Corp. 

261-02 V-Belt Drives, Sheaves, SEALED-LIFE Belts (Bul, A661, 108 pp.)}-Dodge Mfg. Corp. 

2061-03 DYNA-V: Dodge V-Belt Drives, 1 to 1500 Hp. (Bul. A695A, 40 pp.}-Dodge fg. Corp. 

6597-01 Variable Pitch Sheaves, description & tech. data (Cat. 80, 7 pp.}Speed Selector, Inc. 

7902-01 Light Duty Sheaves (Byjletin 8015-81, 20 pp.)-¥ orthington Corporation 

7902-02 Heavy Duty Sheaves (Bulletin 7950-B1, 16 pp.}Worthington Corporation 


SHEETS, METALLIC 
PITT-TEN high strength structural sheet(PSL-132, 4 pp 
For complete description of this bulletin see 


5706-0] 


}-Pittsourgh Steel Co. 


heading 2640 - STEEL, ALLOY 


SHEETS, PLASTIC 
148-01 TEFLON Tapes, Yarns, Molded Shapes and Products4Cat.,22 pp.)-Chemo Products, Inc. 
1683-01 Vulcanized Fibre & Laminated Plastics (12 pp.)}-Continental-Diamond Fiore Corp. 


0625-01 Shims, Gaskets, Shim Stock (Bul., Samples, Color icentification Chart}Artus Corp, 


ee avesen 
l STIC; serviceable from-130 to SOOF in die 
(Broch ures 9-105 & 9-106)}-Dow Coming 
SILASTIC RTV; flows to fill finest hairline, 


hure 9-411, 8 pp.)}-Dow Cornir 


ectric and mechanical 


applications 


prototype mold material 


lic rmir 


Moxness Products, inc. 


SILICONES 
2110-01 Complete tine of different forms of Silicones for mechanical and electrical 
applications (Reference Guide 1-115, 16 pp.)}-Dow Corning 


SILVER ALLOYS 
2403-01  WILCO Silver & Silver Alloys (“Electrical Contacts” 


4347-01 SILVER ALLOYS-Comp. Des. 


138)-Engethard inds. 


Specs.(Tech. Da ul. 300 --Leach & Garner 


SLEEVES & TUBING, ELECTRICAL 
1480-01 TEFLON Tapes, Yarns, Molded Shapes and Products-Cat., 
7474-01 Centrifugally cast stainless steel Sleeves: £3 sizes(Bul. 


22 pp.)Chemo Products, Inc. 
2pp.)-The Volirath Co. 


SLIDES 

1449-01 Slides for electronic cabinets (Six Design Eng. Data Sneets)-Chassis-Trak, Inc. 
Slides from 50 pounds to 2000 pounds supporting weights, available in detent and non 
tilt. Includes sizes, dimensions, specifications and engineering drawings. information 
available on cabinets, hardware and handles. 

Ball Bearing Screws & Splines: Engineering Design Guide (28 pp. complete selection 
charts, graphs, and installation methods - Sazinaw Steering Gear Div., G.M.C. 


§286-01 


SLIP RINGS & 
2403-01 Technical Data on 6 diff. types (Data Sneets, 12 pp.}-Engelhard Inds., 


3758-01 Solid coin silver rings, cylindrical, flat(OS 218, 2pp.)-Graphite A cardome Corp. 


0729-01 
126-01 


Solenoids-Standard and Special Applications(Cat. 57-S5, 16 pp.)}Automatic Switch Co. 
General purpose solenoids (Cat. $1, 52 pp.)}Gives method for selecting voltage, power, 
motion, mounting, termination & plunger for any tvpe solenoid-Cannon Electric. 
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1890-01 
4362-01 
7164-01 


FREE LITERATURE 


A-c and D-c Solenoids (Panelbuilder’s Handbook LO-82, 122 pp.)}-Cutler-Hammer 

Ledex Rotary Solenoids, 250 stock models(Bul. A-1261, 12 pp.)}-Ledex inc. 

Solenoids, a complete description of full line of solenoids and solenoid brakes 
Also included are descriptions, engrg. notes, parts catalog, price lists, order- 
ing instructions & complete tech. data (Cat. 88 pp.) Trombetta Solenoid Corp 


SPECIALTY FASTENERS 


0648-01 


3339-01 
3339-02 
507-01 
607-02 
507-03 
507-04 
5607-05 
6219-01 
6570-01 


SPEED 
0999-01 
1044-01 
1044-02 
2061-01 
2538-01 


3699-01 
3699-02 
4455-0] 
5625-01 
5652-01 
6115-01 


7839-01 


Spring-Tension Custom F asteners--Wide possibilities for fastening devices made from 
strip or wire are shown (4 pp.)-Associated Spring Corp. 

GROOV-PINS - Complete Des. Engrg. Specifications (Cat. 12 pp.)}Groov-Pin Corp. 

TAP-LOK self-tapping threaded inserts-C onplete Specs. (Cat. 12 pp.)}Groov-Pin Corp. 

PEM Weld Fasteners-Des. & Eng. Specs.(Cat.WN-1158, 4pp.)-Penn Eng. & Mfg. Co. 

PEM All-Metal Self-Locking Nuts-Specs.(Cat.SL-259, 4pp.}Penn Eng. & Mfg. 

PEM Flush Fasteners-Des., Eng. Specs.(Cat. F #-760, 4pp.)-Penn Eng. & Mfg. Corp 

PEM Self-Clinching Fasteners-Des., Specs.(Cat.CL-761, l6pp.)}-Penn Eng. & Mfg 

PEM Self-Clinching Spline Fastener$-Specs.(KF -159, 4pp.)-Penn Eng. & Mfg. 

19 Yrs. R&D Speciality Fastener Design-Rosan, Inc 


Fasteners: Quick-access Devices, Blind Rivets, inserts (Handbook 11, 56 pp.)}-Southe 


REDUCERS 
Soeed Reducers: Worm gear, stock & special(Cat. 100, 
OPTIMOUNT Reductors & Ratiomotors, shaft/oase mounte é 
BOSTON Series 100 Reductors & Ratiomoto Ss Cat R-56)-Boston Gear 
Shaft-Mounted TORQUE-ARM Speed Reducers (Bul. 60, 60 pp.)-Dodge Mfg. Corr 
Parallel Shaft (Cat. 1100, 24 pp. -and Horizontal Right Angle (Cat. 7100, 20 pp.)}-thru 
1,570,000 Ib-in, output torque. in-line Shaft (Cat. 1105, 32 pp.)-thru 94,000 Ib-in 
output torque. Shaft and Flange Mounted Drives (Cat. 7100, 36 pp. Falk Corp 
Helical & Herringbone Speed Reducers(Cat., No. HH-61)-Horsburgh & Scott Company 
Worm Gear Speed Reducers (Cat., No. WG-61)-Horsburgh & Scott Company 
Speed Reducers-Worm, in-line, Parallel & Gearmotors(C ponyets ink-Belt Co 
Flanged & Motorized Worm Gear Speed Reducers, design data (Bul, W-140 
Perfection Gear Co. 
Philadelpnia Gear Drives 
Philadelphia Gear Corp. 
Speed Reducers and Power Take-Offs--Engrg. Specs. 
Rockford Clutch 
Hollow Shaft Worm Gear Speed Reducers 
4466 : 1, Maximum output 


IN-LINE Speed Recucers(Cat. R-60)- 


Brochure, 8 pp. 


torque R16 to 7£78 in 
torque 815 to 


SPINDLES 


2335-01 
2457-01 
5651-01 


Straight and bent - Also, heavy duty axles. (Catalog No. M835-SP)-£ 
EX-CELL-O Precision Spindies-Complete Product Data (Cat. 2 


Spindles, slides & feed mechanisms(Cat#22, 32 pp.)}-Standard E| 


SPRINGS 


0648-01 


0648-02 


0648-03 
0648-04 
0648-05 
2700-01 
2700-02 
3216-01 
3951-01 
5256-01 


6309-01 


6547-01 


Metal Selector--Comparison of materials commor sed ir 
Associated Spring Corp. 

How A.S.C. Solves Design And Production Problems Of Springs And 

Things—Describes how early consultation with spring maker results in improved design; 

shows examples and covers types of springs (16 pp.}Associated Spring Corp. 


Spec Spring Catalog-Lists specifications and l 


pring-L ike 


prices of over 1,500 Standard Precision 
Engineered Coil springs available from stock (16 pp.}Associated Spring Corp. 

Designing Springs For Performance—Basic requirements and recommendations for sound 
spring design (6 pp.)-Associated Spring Corp. 

High-Temperature Springs--Discussion of spring design and materials for h 
ture applications (8 pp.}Associated Spring Corp. 

AIRIDE Springs, general description and summary of springs and air suspension system 
(Cat. M-§07-0, § pp.)-Firestone industrial Products Co. 

AIRIDE and AIRMOUNT, description, illustrations and technica! data on air suspension 
Syste:(Cat. 80 pp.)-Firestone Industrial Products Co. 

ROLLING LOBE Air Spring & Suspensions, 5 types, full data(Bul. 16, 20 pp.)}-Goodyear 

BeCu MICROPROCESSED Compression & Flat(Cat.11, 19 op.)}-instrument Specialties Co. 

SCHNORR Disc Springs-complete Des. Engrg. Specs. (Cat. Sm, 40 pp.}+Karl A. Neise, inc. 

Sandvik Power Springs - Design Application information on Spiral, Crosscurved, integral 
Band, Stainless and Special Types (16 pp. Sandvik Steel, inc 

Belleville Springs, complete data on spring washers (Cat. 9 pp.}-Solon Mfg. Co. 


gh-tempera- 


SPROCKETS 


0090-01 
0090-02 
2011-01 


2061-01 
4455-01 


ST. 
5954-01 


Roller Chains, Sprockets & Flex. Couplings: data (Cat. 8, 
Finished Bore Sprockets, design data (Bul. 4, 4 pp.)}Acme Chain Corp 
Diamond Stock Roller Chains, Sprockets, & Couplings (Cat. No.. 760)- 

Diamond Chain Co. 
Roller Chain, Sprockets, Chain Couplings (Bul. A6Y1, 56 pp.}-Dodge Mfg. Corp. 
Sprockets-cast & cut tooth, all types & special (Cat. 1050} ink-Belt Co. Dept. PE 


106 pp.}Acme Chain Corp 


Stampings: Deep-drawn, light, heavy, special (Bul., 8 pp.)-The Reichert F & M Co 
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STEEL, 
0590-01 
0590-02 
0590-03 
1273-01 
5706-01 


ALLOY 

Armco UNIVIT and Enameling iron (Bulletins)}-Armco Steel Corp. 

Armco ZINC GRIP Coated Steels (Bulletins)-Armco Steel Corp. 

Armco ALUMINIZED Steels (Bulletins)}-Armco Stee! Corp. 

Cameron Forgings-Examples of large sizes-intricate shapes (40pp.)-Cameron iron Works 

PITT-TEN high strength structural sheet (PSL~132, 4 pp.)}-Pittsburgh Stee! Co. 
Describes PITT-TEN #1, PITT-TEN #2 and PITT-TEN “X” ~ all members of a 
special group of steels possessing superior mechanical properties and/or greater 
resistance to atmospheric corrosion than ordinary carbon steels. Gives chemical 
composition mechanical properties, engineering data and suggests applications. 

Description of Vacuum Melted Alloy Steels (Cat., Adv. 1128)-Republic Stee! 

Sandvik Cold Rolled Spring Steels--Alloy & Stainless Strip (6 pp.}-Sandvik Steel, inc. 

High Strength Steels (Design Manual)-United States Stee! Corp. 

USS 304L with Nitrogen (Bulletin}United States Stee! Corp. 

USS 316L Modified (Bulletin}United States Stee! Corp. 

The Fabrication & Des. of Structures of T-1 Stee! (Bulletin)}-United States Stee! Corp. 

USS EX-TEN Stee! (Bulletin}United States Stee! Corp. 

How to Weld USS T-1 Stee! (Bulletin)}-United States Stee! Corp. 

How to Weld USS T-1 Steel (Bulletin)-United States Steel Corp. 


5994-01 
6309-01 
7344-01 
7344-02 
1344-03 
7344-04 
7344-05 
7344-06 
7344-01 


STEEL, CARBON 
5706-01 All Products - specs., dimensions entire line, (PSL-115, 4 pp.)-Pittsburgh Stee! Co. 


Flat rolled products, strip stee! specialties, seamless tubes, wire specialties. 


TEEL, COATED 

Armco UNIVIT and Enameling iron (Bulletins)}-Armco Steel Corp. 

Armco ALUMINIZED Steels (Bulletins}Armco Stee! Corp. 

Thomas Strip Steel, precoated - specs., samples(PSL-117, 16 pp.)-Pittsburgh Stee! Co. 
Describes strip steel coated with copper, brass, nickel, tin, enamel, lacquer, zinc, 
plastic, bright uncoated. Finishes - natural, planished, brushed, buffed, pattern. 
Pattern or embossed strip supplied with any coating or finish, also uncoated. 

Severa! designs available or new designs can be developed from your patterns. 
Samples show typical designs. Uncoated pattern is available in sheet widths. 
Many applications of all Thomas products are shown. Tables give range of thickness 
width, tempers for each coating and finish. Four colors. 

* Electro Zinc-Plated Steel, Spangle Free Surface (Cat., Adv. 1226)-Republic Steel 
SS Viny! Coated Stee! Sheet (Bulletin}United States Stee! Corp. 


STAINLESS 

Cameron Forgings-Closed-die-stainiess steel, max. wt.15,000#-Cameron Iron Works 
Stainless Working Data: Des., Selection, Fab. Info.(Cat. 267) The Carpenter Stee! Co. 
Design Handbook (Cat. $-10, 36 pp.}Porter Alloyist 

300 Series Chrome-Nickel Stainless (Cat., Adv. 1124)- Republic Steel 

400 Series Chromium Types Stainiess (Cat., Adv. 1125}Republic Stee! 

Properties: Precipitation Hardenable Stainless (Cat., Adv. 1223)-Republic Stee! 
Fabrication of USS Stainless Stee! (Bulletin)-United States Stee! Corp. 

USS TENELON Stainless Stee! (Bulletin}-United States Stee! Corp. 


TOOL 


Tool And Die Stee! Selection 


1323-01 


187-p Ref. Manual(Cat. 268)}-The Carpenter Steel Co. 


STRAIN GAGES 
0801-01 
(Bul. 4310-60)-E lectronics & instrumentation Div., BLH Corp. 


STRAINERS 

0729-01  Strainers-2 Way for Air, Oil, Water, Brine, etc.(Bul. 8600, 1p.)}-Automatic Switch Co. 
2334-01 Twin Strainers(Bulletin A-13B, 8pp.}-Elliott Co. 

2394-02 Self-Cleaning Strainers (Bulletin A-19B, 4pp.)}-Elliott Co. 

4905-01 Strainers: Fabrication & Wire Cloth Technical Data. (Catalog)}Michigan Wire Cloth 
6215-01 TELL TALE Filters: Suction, press., sizes, flow curves(Cat. 24 pp.}-Rosaen Filters Co. 
6831-03 Pump Strainers(Bul. $-56)-Strataflo Products 


STRAPS, See CLAMPS 


STRIP, METALLIC 
5706-01 Thomas Strip Steel, precoated - specs., samples(PSL-117, 16 pp.}Pittsburgh Steel Co. 
For complete description of this bulletin, see heading 2660 - STEEL, COATED. 


STRUCTURAL 
7344-01 
74-02 


SHAPES, METALLIC 
USS Quenched & Tempered Structural Shapes (Bulletin)}-United States Stee! Corp. 
The Fabrication & Des. of Structures of T-1 Stee! (Bulletin)}-United States Stee! Corp. 


SUBCONTRACTING SERVICES 
1116-01 Capabilities Countdown (36 pp.)-Brooks & Perkins, inc. 
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St-4 Bonded Filament Resistance Strain Gages, over 300 types - Complete specifications 


-.--OF MANUFACTURERS’ 


FREE LITERATURE 


0729-01 
0723-02 
0823-01 
1485-01 


1845-01 
1890-01 
1890-02 
1890-03 
1890-04 
2%7-01 
2367-02 
2367-03 
2367-04 
2997-01 
3753-01 
3865-01 
4050-01 
4362-01 


4770-01 
4770-02 
4770-03 
4912-01 
4912-02 
4912-03 
4912-04 
4912-05 
4912-06 
7002-01 
7092-01 
7848-01 


s 
1561-01 


TA 
2196-01 


Automatic Transfer Switches-Emergency Power(Cat. 57-S1, 56 pp.}Automatic Switch Co. 

Remote Control Switches-Power & L ighting(Cat. 57-S2, 44 pp.)-Automatic Switch Co. 

Pressure Switches, vacuum to 20,000 psi. (Cat. 610430, 32 pp.)-Barksdale Valves 

Complete design specifications on Limit, Push-button, Rotary Precision & Snap Action 
Type Switches.-Cherry Electrical Products 

For hazardous & non-hazardous locations (Bul.2722}-Crouse-Hinds 

Small toggle, lever, pushbutton, rotary, Switches (Pub. EA-114)-Cutler-Hammer 

Heavy duty oiltight Pushbuttons and Control Stations (Pub., LO-104)-Cutler-Hammer 

Miniature precision Limit Switches (Pub. EA-154, 4 pp.)}-Cutler-Hammer 

Oiltight Limit Switches-14 operating heads, one base (Pub. ED-143)-Cutler-Hammer 

Switches, inst. & Control, types & data (Cat. 6055-IN}Electro Switch Corp. 

Rotary Switch, Mult-Position: Des. data (Bul. A61, 2 pp.}-Electro Switch Corp. 

Slip-Ring & Switching Assemblies: Des. data(Bu!. 60-01, 4pp.)-Electro Switch Corp. 

Rotary Multipole Switches: Des. data (Cat. 101-A, 18 pp.}Electro Switch Corp. 

Switches: Industrial, Commercial, Domestic (Cat. 608.503, 8 pp.)-General Controls Co. 

A. C. Switches: Complete design information (Bul. H-1769, 12 pp.)-Harvey Hubbell, Inc. 

2-Way Precision Stepping Switch-Engrg. Specifications (Cat., 4 pp.}-imtra Corporation 

Rotary Switches, Solenoid Operated Switches--Comp!. Specs. (Cat. 28 pp.}Janco Corp. 

Selector and stepping switches, stocked, custom made, pre-wired, and hermetically 
sealed, (Cat. PE-B, 30 pp.)}-Ledex inc. 

Toggle Switches-Complete Des. Engrg. Specs.(Cat. 60, 12 pp.)-McGill Mfg. Co. Inc. 

Rocker-Actuated Switches-Complete Engrg. Specs.(Cat. 60, 12 pp.)}-McGill Mfg. Co. Inc. 

Special Switches-Engineered to the application (Cat. 60, 12 pp.)-McGill Mfg. Co. Inc. 

Mercury Switches: Description & data (Cat. 90b)-Micro Switch 

Heavy Duty Limit Switches: Description & data (Cat. 84a)-Micro Switch 

industrial Enclosed Switches: Description & data (Cat. 83e)-Micro Switch 

Toggle Switches: Description & data (Cat. 73f)-Micro Switch 

Lighted Display & Pushbutton Switch Devices: Des. data (Cat. 67b)}-Micro Switch 

Basic Switches: Des. data & applications (Cats. 62c & 63c)-Micro Switch 

KLIXON Precision Switches & Switch Packages-(Cat. 10-14, 14 pp.}-Texas Instr. Inc. 

SYNCRU-SNAP speed sensing switches & governors(Cat.250, 4pp.)- Torq Eng. Prod. 

DAZIC Zero Speed, Speed Responsive, F low Switches(Manual, 48 pp.)-Winterburn Mfg. Co. 


JOINTS 
CHIKSAN Company -General Catalog(Cat. G-5, 24 pp.) presents description, applica- 
tions, dimensional data, and pressure ratings. Swivel joints provide flexibility when 
using rigid metal pipe. Also, useful for reducing torsional stresses on hose, and 
especially recommended for reducing maintenance costs. Comp!ete series of joints 
affords wide temperature and pressure selection; choice of meta! and packing allow 
joints to be used for aromatics, hydraulics, pneumatics, and petroleum products. 
11-60 Low Pressure LFS Series (1 page)-Chiksan Company 
2-61 High Pressure HFS Series(1 page)-Chiksan Company 
1258 Multiple Service DS Series(4 pp.)-Chiksan Company 
1-61 Spring Balanced Loading Arms using metal pipe and swivel joints (8 pp.)- 
Chiksan Company 
Swivel Fittings-Self-Aligning, Low Torque. Engrg. & Specs.(Cat.500, 4 pp.)- 
Dumont Engineering Co . 


Tachometer: Ind. for var. speed machs. Hand units, (Cat. 60)-Durant Mfg. Co. 


TAGS, TERMINAL 


5175-01 


TAPES 
5022-01 


T 
1683-01 


APES, 
1480-01 


- 


IDENTIFICATION 
Elec. Circuit ident. Metal Tags: styles & prices(Bul. 4 pp.)}-National Band & Tag Co. 


Pressure-Sensitive Tape: describes applications for the metalworking industries (Cat. 
P-MIMR-Z, 52 pp.}3M Company 


INSULATING 
TEFLON Tapes, Yarns, Molded Shapes and Products-(Cat., 22pp.}Chemo Products, inc. 
Vulcanized Fibre & Laminated Plastics (12 pp.)}-Continental-Diamond Fibre Corp. 


1975-01 


0018-01 


1152-01 
1876-01 
2871-01 


CHAMBERS 
Temperature Chambers: -100 to 500 deg. F., 4 portable models (Bul. 2 pp.)}-Delta Design 


& TERMINAL BOARDS 
Solderiess Terminals - AMP Incorporated 
Complete information for automachine crimping (12 pp. Autolog); of hand tool 
crimping (24 pp. Selectalog). 
Terminal Blocks, Connectors, Cable Fittings (Cat. 76, 12 pp.)}-Buchanan Elec. Prodts. 
Terminal Blocks and Terminal Block Kits. (Cat. 161, 12 pp.)}Curtis Development & Mfg. 
Hermetic terminals, complete eng. data on full line glass to meta! terminals. Loose 
leaf reference file avail. to qualified specifiers who write on company letterhead. 
Samples for testing also avail. The Fusite Co. 
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TESTING MACHINES & EQUIPMENT 


6232-01 
7488-01 


0171-01 
0801-01 


2403-01 
2403-02 
2403-03 
3717-01 


Torquemeter has range adjust-no shaft contact-65000rpm (Cat. 601, 2 pp.) Rotiform Co. 
Hydraulic Lab Presses: 12 to 100-tons (Cat. 16, 12 pp.}Wabash Metal Products Co. 


OUPLES 
AerOpak Thermocouples: Temp. Ranges -400 to 3000 deg. F (Data Catalog)-Aero 
Research 
HT Micro-Miniature Thermocouples - small, fast, accurate - Complete specifications 
(Bul. 4336)-Electronics & instrumentation Div., BLH Corp. 
“Thermocouples Of Noble And Base Metals” (31 pp.)}-Engethard inds., Inc. 
“Platinium vs. Platinum-Rhodium Thermocouples” (3 pp.)}-Engethard inds., Inc. 
“Noble Metal Thermocouple Wire” (Charts & Tables, 4 pp.)Englehard Inds., Inc. 
CHROMEL-ALUMEL Thermocouple Alloys - Detailed Specifications and Technical 
Application Data-(Cat. M-61C-A, 36 pp.)}-Hoskins Manufacturing Co. 


THERMOSTATIC METALS 


1404-01 


2403-01 
7002-01 


Thermostatic Bi-Metals("’ Information Booklet’’ 42 pages Design data & applications on 
more than 40 types)}-W. M. Chase Company 

WILCO THERMOMETALS, or bi-metals (“*Thermometals”, 8 pp.)-Englehard Inds., Inc. 

TRUFLEX Thermostat Metals, Parts, Assemblies-(Cat. 10-15, 60 pp.) Texas Instr., Inc. 


THERMOSTATS & THERMO) 


2646-01 
2849-01 
4713-01 
6111-01 


6682-01 
§741-01 


7002-01 
7002-02 
7015-01 
7015-02 
7015-03 


METERS 
Non-indicating Temperature Controllers (Bul. MC-177A, 8 pp.}Fenwal Inc. 
Thermostatic Devices designed for individual requirements(Cat. R)}-Fulton Sylphon Div. 
Thermometers, Vapor-Tension: desc. & data (Cat. 76T, 36 pp.)-Marsh instrument Co. 
Gas Thermostat - Brochure on snap-throttle (2 in 1) action, with dual valve response. 
Temperature ranges up to 800° F. (Booklet No. RT-886, Model FD). Robertshaw- 
Thermostat Div. 
Liquid, vapor & gas filled Bellows & Diaphragm units (Data Sheets)-Standard-Thomson 
Thermostats: bi-meta!, electronic device for; appliance; bi-meta! disc; bi-metal strip; 
apparatus for. Applications, descriptions & illustrations. Also a temperature 
conversion chart(Bulletin 8400, 4 pp.)-Stevens Manufacturing Co., Inc. 
KLIXON Appliance Thermostats-(Cat. 10-11, 17 pp.) Texas instr. incorporated 
KLIXON Precision Thermostats & Thermostat Pkgs.-(Cat. 10-12, 40 pp.) Texas inst. 
8° F max, diff. 6000 watt bimetal disc Thermostat (Bul. 36-1, 4 pp.}Therm-0-Disc, Inc. 
Hermetic sealed 6000 watt bimetal disc Thermostat (Bul. 43, 2 pp.) Therm-0-Disc. 
Minia. bimetal disc Thermostat 5/8” OD , 23/64” high, 800 wts. (Bul. 39}-Therm-O0-Disc. 


THREAD-LOCKING DEVICES 


6219-01 
6570-01 


TIMERS 
1805-01 
1890-01 
3186-01 
3411-01 
3942-01 
3942-02 
3942-03 
3942-04 
3942-05 


1805-01 
3411-01 


TIRES 
3216-01 
3216-02 


SLIMSERT Insert (Data R-536)-Rosan, Inc. 
Threaded inserts: For soft metals, sheet metal, plastic (Handbook 11, 56 pp.)-Southco 


Timers, Timing Motors (Bulletin GB-910, 4 pp.)-Cramer Div., Giannini Controls Corp. 
Pneumatic, Electronic and Motor-driven Timers-(Panelbuilder’s Handbook )-Cutler-Hammer 
Timers, custom made, all types incl. MIL spec. (Bul. T-4, 2 pp.}Globe industries inc. 
Timers -(Three-page Specification and Data Sheet)-Hansen Manufacturing Co., Inc. 
Timing Controls, desc. & data (Cat. of product bulletins}Industrial Timer Corp. 

Recycling Timers, description & data (Bul. 500, 4 pp.}-Industrial Timer Corp. 

Interval Timers, description & data (Bul. 400, 4 pp.}-industrial Timer Corp. 

Time Delay Timers, description & data (Bul. 300, 4 pp. industrial Timer Corp. 

Cam Timers, description and data (Bul. 200, 4 pp.}-Industrial Timer Cory 


Timing Motors, Timers (Bulletin GB-910, 4 pp.)-Cramer Div., Giannini Controls Corp. 
Timing Motors -(Specifications and Output Data Sheet)-Hansen Manufacturing Co., inc. 


TERRA-TIRE: New Des. concept to 10,000 loads(Bul. S-1729, 16pp.)-Goodyear 
TERRA-TIRE Data Book. Complete design data. (Cat. 31R, 32 pp.)-Goodyear 


TITANIUM 


1273-01 
5994-01 


Cameron Forgings-E xamples of large sizes-intricate shapes (40pp.)-Cameron Iron Works 
Titanium: Grades and Properties (Cat., Adv. 904)- Republic Steel 


TORQUE CONVERTERS 


1035-01 
2853-01 
6115-01 


0801-01 


Torque Converters (Full details and design specifications)}-Borg & Beck 
Custom-built Power Transmissions from standard Components (Bull. 4 pp.)-Funk Mfg. Co. 
Rockford Torque Converters--New--Engrg. Specs. Complete line-Rockford Clutch 


Load, Pressure, Torque Transducers - for any force measurement system - Complete 
specifications(Bul. 4350-60)-E lectronics & Instrumentation Div., BLH Corp. 
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TRA! 
7497-01 Wagner Motors and Transformers -- Prices, dimensions and description of standard 


types and ratings(F its-Ur-Pocket Price Book EU-2)-Wagner Electric Corporation 


TRANSMISSIONS 
0198-01 ROTOMISSION: Shaft-mounted, rotating trans. (Bul. IR-61, 8 pp.)}-Airborne Accessories 
0198-02 ELECTROMISSION: High-speed positioning, reversing and sequencing unit. Complete 
design-engineering details (Bul. 1E-60, 4 pp.)-Airborne Accessories Corp. 
ANGLEGEAR: 90 deg. power take offs to 5 Hp. (Bul. |A-58, 4 pp.)-Airborne. Accessories 
Custom-built Power Transmissions from standard Components (Bul. 4 pp.)-Funk Mfg. Co. 
Transmission-power transmission machinery(Cat. 1050, 640pp. }- L ink- Belt Co. 
Power-Shift Transmissions: Full range; all data (Bul. 321)}-Twin Disc Clutch Co. 
Dynapower Transmission; technical bulletin giving detailed description of Dynapower 
Transmission operation with complete specifications and dimensions(Catalog DT-1 
6 pp.)}-Watertown Div., New York Airbrake Co. 
Western Transmissions - Complete Des. Engrg. Specifications (Cat.)}-Westem Mfg. Co. 


0198-03 
2853-01 
4455-01 
7236-01 
7610-01 


7686-01 


TRAPS 
4713-01 
5310-01 


Traps: Radiator & Steam, desc. & data (Sections 11 &12)-Marsh Instrument Co. 
Nicholson Thermostatic Steam Traps - Complete Engineering Data and Specifications 
(Catalogs 400 and 500)-W. H. Nicholson & Co. 


5 ALLIC 
ACIPCO Spun Steel Tubing - (Cat. L-L11, 64 pp.) American Cast iron Pipe Co. 
Ductile iron Pipe, Tube, Fittings, Castings (Bul. L-127, 38 pp.)- Amer. Cast iron Pipe 
Seamless Brass & Copper Tubing - all shapes (Bul., 2 pp.)-Avins ind. Products Corp. 
Mechanical Tubing, Steel(Bul. 18-361, 6 pp.) Tubular Products Div., 
The Babcock & Wilcox Co. 
Pressure Tubing, Steel(Bul. TB-417, 15 pp.) Tubular Products Div., 
The Babcock & Wilcox Co. 
Stainless Stee! Tubing(Bul. TB-417, 15 pp.)- Tubular Products Div., 
The Babcock & Wilcox Co. 
Seamless Welded Tubing, Steel(Bul. 
The Babcock & Wilcox Cc. 
Stainless Tubing & Pipe: Selection, Buying Guide(Cat. 304)- The Carpenter Stee! Co. 
Carbon and Stainless Steel Pressure Tubing (Cat., SPE-61)- Republic Stee! 
Seamless ferrous & non-ferrous Tubing .005 to .625 0.0., .0005 to .035 w. Fabricated 
tubular parts to extremely close limits(Bul. 60, 12 pp.)-Uniform Tubes, Inc. 
Plastic Protectors: Flex. Viny! Caps (Bul. 6104-VP, 4 pp.}-S.S. White Industria! Div 


0414-01 
0414-01 
0760-01 
0783-01 


0783-02 
0783-03 


0783-04 TB-420)- Tubular Products Div., 
1323-01 
5994-01 


7249-01 


7731-01 


7 

PLASKON, Nylon Tubing for Instrument-Air Service: gives properties, advantages & dis- 
advantages, methods of installation & cost analysis (Cat. 18 pp.}-Allied Chemical 

TEFLON Tapes, Yarns, Molded Shapes and Products-Cat., 22pp.)-Chemo Products, Inc. 

Vulcanized Fibre & Laminated Plastics (12 pp.}Continental-Diamond Fibre Corp. 

Hose - Flexible, plastic, non-collapsidie(Catalog 860)-Dayflex Plastics Div. 

Applications and Specs on SRK Plastic Pipe (Cat., Adv. 965)- Republic Steel 


0292-01 


1480-01 
1683-01 
1953-01 
5994-01 


UNIVERSAL JOINTS 

0572-01 Universal Joints: assemblies for industrial and aircraft drive-line applications. Un- 
covered-covered types. Pre-iubricated, sealed covers permit operation in liquids, 
gases, corrosive and abrasive atmospheres, extreme temperatures. 3/8” to 4”* dia. 
stock sizes, special to order (Cat. 28, 24 pp.)}-The Apex Machine & Tool Co. 

Assembly data, stock sizes, miniatures, testing data, guide to selecting the proper joint. 
(Catalog C-4)-Curtis Universa! Joint Co., Inc. 

RZEPPA constant velocity universal joints: description, applications, data and 
operating instructions(Cat. 4 pp.)}-Dana Corp., Con-Vel Div. 
RZEPPA constant velocity universal joints: description, applica 

data(Cat. 2 pp.)-Dana Corp., Con-Vel Div. 
Universal Joints, Model J Series: desc. & data (Bul. 513)}-Twin Disc Clutch Co. 


1881-01 
1921-01 


1921-02 tions, 


drawings and 
1236-01 


VALVES, AIR 
0216-01 New TUBE-O-MATIC Control Valves. Design data.(Bul. 91043, 4 pp.)-Airmatic Vaive 
0723-01 Solenoic «*ives-2 Way, 3 Way, 4 Way, Specia! Purpose(Cat. 202, 40 pp.)- 
Automa..c Switch Co. 
Solendid Vaive Stock List-Selection & Prices(Pub!. 506, 16 pp.)}- Automatic Switch Co 
Hand & Solenoid Air & Hydraulic Valves.(Cat. 60-61, 24pp.)-Barksdale Valves 
CRESCENT “Mach 2” Solenoid-to 150 psi(Cat. 601021, 12pp.)-Barksdale Valves 
VALVAIR Manual Vaives - model number combinations (Bull. MVS)-Bellows-Valvair 
0-SEAL valves and fittings for 1500 & 6000 psi services. Sizes from 1/8"’ 
Temperatures from -20° F. to 275°F (Cat. 60-8, 36 pp.)}-Combination Pump Valve 
O-SEAL valves and fittings for 1500 & 6000 psi services. Sizes from 1/8” to 2”. 
Vemperatures from -20°F . to 275°F (Cat. 60-B, 36 pp.)-Combination Pump Valve Co 
NOPAK Air & Hydraulic Vaives & Cylinders (Bul. W3, 8 pp.}-Galland-Henning 
Ait Valves: Complete Engrg. Specs.-Logansport Machine Co., Inc. 
Solenoid Valves, description & design data (Cat. 6 pp.)-Marsh Instrument Co. 
C Series 2-way, low cost shut-off valves, vacuum to 275 psi(Cat. VC-62)-Skinner 
ECON-O-MISER Ball Vaives - Complete Engrg. Date (Cat. 4 pp.)-Worcester Valve Co. 
Ball Valve Operators for Remote Control (Tech. Data Sheet #6)-Worcester Valve Co. 


0729-02 
0823-01 
0823-02 
0922-01 
1651-01 to 2" 


1651-01 


2880-01 
4491-01 
4713-01 
6529-01 
7893-01 
7893-02 


615 








DESIGN ENGINEERS’ PRODUCT CATALOG INDEX 


VALVES, HYDRAULIC 

0216-01 Hydraulic or Pneumatic: directional, shuttle(Bul. 91053, 2pp.)-Airmatic Valve, Inc. 

0729-01 Solenoid Valves-2 Way, 3 Way, 4 Way, Special Purpose(Cat. 202, 40 pp.) 

Automatic Switch Co. 

Solenoid Valves Stock List-Selection & Prices(Pubi. 506, 16 pp.)}Automatic Switch Co 

Hand & Solenoid Air & Hydraulic Valves.(Cat. 60-61, 24 pp.)-Barksdale Valves 

Hydraulic Check Valve: description & design data (Cat. L-6104-3)-The Bruning Co. 

Drain Valve-F lush Mount, description & installations (Cat. L-6103-1}- The Bruning Co. 

Circle Seal Valves-Complete Engrg. Data (Cat. 6S-2278R)- Circle Seal Prod. Co. 

Hydraulic valves, pumps, motors, power units (Cat. 610, 28 pp.)}Double A Product Co. 

Vaives, Dart Unions, & Union Fittings, tech. data (Cat. 57, 136 pp.) The Fairbanks Co. 

2739-01 Check Valves, engineering data (Catalog 552)F luid Controls, inc. 

2741-01 Pressure and flow control valves (Bulletins #1)-Fluid Regulators Corp. 

2741-02 Cartridge & Manifold valves--complete specs. (Bulletins #2)-Fluid Regulators Corp. 

2880-01 NOPAK Ait & Hydraulic Operating Valves (Bul. 102A, 20 pp.)}-Galiand-Henning 

2997-01 industrial Solenoid Valves (Cat. 608.436, 4 pp.)~General Controls Co. 

2997-01 industrial Controls, Valves, instruments (Cat. 608.179, 90 pp.}-General Controls Co. 

3956-01 Micro valve, miniature, snap action operator(Bulletin MV 459, 2pp.)-Instruments, Inc. 

4284-01 1 & L steel Hydraulic Fittings, Needle Valves (Bulletins)}-L & L Mfg. Co. 

4491-01 Hydraulic Valves: Complete Engrg. Specs.-Logansport Machine Co., Inc. 

4713-01 Needle Valves, description & data (Cats., NU-1, NU-2, NU-3)}-Marsh Instrument Co. 

4713-02 Solenoid Valves, description & design data (Cat. 6 pp.)-Marsh instrument Co. 

§985-01 REPUBLIC Valves-Des. Engrg. Specifications(Cat. 654C, 76 pp.)-Republic Mfg. Co. 

5985-02 LO-TORQ Valves-Des. Engrg. Specifications(Cat. 654C, 76 pp.)-Republic Mfg. Co. 

5985-03 HIGH PRESSURE Vaives-Des. Engrg. Specifications(Cat. 654C)}-Republic Mfg. Co. 

6529-01 B-Series miniature 3-way solenoid valves, 150 psi(Cat.015.1.1)-Skinner Electric Valve 

6529-02 V5 Series 3-way solenoid valves, vac. to 400 psi(Cat. VC-62)-Skinner Electric Valve 

6529-03 _L Series 3-way hi-flo solenoid valves, to 150 psi(Cat. VC-62)-Skinner Electric Valve 

6529-04 A10 hi-press. 2&3-way solenoid valves, to 3000psi(Cat. VC-62)-Skinner Electric Valve 

6529-05 R Series 2-way piston type solenoid valves, 5 to 1250 psi(Cat.013.1.1)}-Skinner 

6831-01 Foot Valves-Bronze for increased pump efficiency(Bul. 160, 6 pp.)-Strataflo Products 

6831-02 Check Valves--l-piece body, Navy approved bronze(Bul. 166, 6 pp.)-Strataflo Products 

6858-01 Stack Valves: Complete Engineering on Multiple Section Valves. Circuits, 
specifications, and drawings. (Bulletin, 4 pp.)}-Sundstrand Hydraulics Div. 

7443-01 Directional valves for mobile hydraulic systems (Bulletin M5112, 8 pp.)}-Vickers Inc. 

7601-01 Valves, Hydraulic; Pressure & Flow Control(Catalog, 44pp.)- Waterman Hydraulics 

7650-01 Directional, Relief, Lock, Flow dividers, (Specs, curves, HY3}-Webster Electric 

7891-01 Directional Control, parallel circuit, open center(Bul!.2D)-Wooster Division, Borg-Warne: 

7893-01 £CON-O-MISER Ball Valves - Complete Engrg. Data (Cat. 4 pp.)-Worcester Valve Co. 

7893-02 Ball Valve Operators for Remote Control! (Tech. Data Sheet #6)-Worcester Valve Co. 


0729-02 
0823-01 
1138-01 
1138-02 
1584-01 
2106-01 
2484-01 


VALVES, RELIEF 

2739-01 Relief Valves - engineering data on four types (Catalog 551}F luid Controls, inc. 

7209-01 AV Relief Valves - new model. Complete design engineering data(Catalog Section #110) 
Tuthill Pump Company 


VIBRATION DAMPERS 
2637-01 UNISORB Pads & LEVEL-RITE Mounts cut vibration 85% (Bulletin)-Felters Co. 


VIBRATION MOUNTINGS 

0311-01 Specialized Vibration Isolation Systems (Brochure#l)}-Allied Research Associates, inc. 
Isolation systems for missile IG elements; ait, land, shipbome navigation/electronic 
equipment; aerospace hardware-delicate instrument shipping containers. 

2637-01 UNISORB Mounts cut vibration 85%, level machines precisely (Bulletin}-Felters Co. 


WASHERS 
0180-01 Washers: Hardened & Ground(Cat. & Engrg. Manual)-Aetna Ball & Roller Bearing Co. 
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Washers And Washer Dies-Lists tools ready for production of thousands of sizes of 
Spring washers; also lists sizes of belleville springs and wavy and finger washers 
¢artied in stock (6 pp.}-Associated Spring Corp. 

Thrust Washer Design Guide 
Materials, size standards, design features - F ederal-Mogu! Division. 


0648-01 


210-01 


WEAR MATERIALS 
5400-01 + O-KNI-CO Hardened Ways and Wear Plates, gives complete data, including shapes, sizes 


and uses (Bulletin A, 16 pp.) The Ohio Knife Co. 


(EQUIPMENT & SUPPLIES) 
GRIPCO Fasteners - Complete line - Lock-Clinch-Weld nuts (Cat. 161 20 pp.)-Grip Nut Co. 
Stud Welding Design Manual--specifications and types-Nelson Stud Welding 
Aluminum Stud Welding-(basic information)-Nelson Stud Welding 
Production Costs--teversing the trend with stud welding.-Nelson Stud Welding 
Hard-Surfacing Alloys, a complete line of 16 (Cat. 79, 12 pp.}+Wall Colmonoy Corp. 
Hard-Surfacing by spraying & fusing alloys (Cat. 300FD, 4 pp.)-Wall Colmonoy Corp. 


WHEELS 
2335-02 Disc and spoke for agriculture and industry. (Cat. No. M835-SP)-Electric Whee! Co. 
4063-01 Steel Disc Wheels, Replaceable Polyurethane Tires (Bulletin)}-Jarvis & Jarvis 


WIRE & CABLE 

2403-01 “Platinium Clad Tungsten Wire” (4 pp.)}-Engelhard Inds., Inc. 

3753-01 + TWIST-LOCK Wiring Devices: Ten types (Bul. H-1425, 48 pp.}-Harvey Hubbell, inc. 

4977-01 Coiled Cords with moided-on stock, custom assemblies.(Uses. 4~pp.)-Miller Elec. Co. 

5706-01 Manufacturers Wire & Fine Wire Specialties Handbook (120 pp.)-Pittsburgh Stee! Co. 
Describes how wire is made, gives chemical and physical data on wire for springs, 
ACSR core, strand, rope, cold heading, welding, industry, high carbon specialties 
shaped wire, fine wire specialties. Gives mil! practices, tables on gages, torsion 
and breaking strength, hardness conversion tables. 


WIRE CLOTH 
4905-01 ind. Wire Cloth: Specs. & Fabrication Facilities.(Cat., 48 pp.)-Michigan Wire Cloth 
6215-01 TELL TALE Filters: Suction, press., sizes flow curves(Cat. 24 pp.)-Rosaen Filter Co. 


WIRE FORMS 
0621-01 Wire Sud-Components for the Electronics ind. (Bul. 4 pp. Art Wire & Stamping Co. 
1323-01 Fine Wire From Specialty Steels: Des. Data(Cat. 324) The Carpenter Stee! Co. 


WIRE ROPE 
0423-01 + TRU-LOC Wire Rope Assemblies - description and dimensional specifications on 18 


different terminal fittings available suitable for a variety of applications - 
American Chain & Cable Company, Inc., Wilkes-Barre, Pa. 


WIRING DEVICES 
1845-01 For hazardous & non-hazardous locations(Bul.2722)-Crouse-Hinds 


ZINC COATED SHEETS 
0590-01 Armco ZINC GRIP Coated Steels (Bulletins)-Armco Steel Corp. 
5994-01 ‘“‘Galvanealed” Zinc Coated Sheets (Cat., Adv. 656} Republic Steel 
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AMP INC., AD P 476 
0018-01 AMPin-cert Solderiess Connectors (Cat. 467) 


Harrisberg, Pa. 


ACME CHAIN CORP., AD P 236 

0090-01 Roller Chains, Sprockets & Flex. Couplings: data (Cat. 8, 106 pp.) 
0090-02 +FLAT-TOP Roller Chain, description & data (Bul. 9, 4 pp.) 
0090-03 Offset Side Bar Chain, description & data (Bul. 8, 4 pp.) 

0090-04 Flexible Couplings & Covers, design data (Bul. 10, 4 pp.) 
0090-05 Finished Bore Sprockets, design data (Bul. 4, 4 pp.) 


ACME ELECTRIC CORP., AD P 502 687 Woter St., Cubo, N.Y. 
0099-01 ACME Constant Voltage Stabilizers, 15 to 2090 VA (Cat. 09-801) 


ADAMS-RITE MANUFACTURING CO., AD P 453 .... 
0112-01 QUADRASTAT Irreversible Control (Bulletin 3400, 4 pp.) 
0112-02 Door Bolting Systems: multi-point, tight-seal (Bul. 3100, 2 pp.) 
0112-03 Metal Cabinet Latches, door bolts, etc. (Bulletins 100 & 3100) 


AEROQUIP CORP., AD P 563 
0162-01 
0162-02 


300 S. Ea-* Ave., Jockson, Mich. 
Hose Fittings, Self-sealing Couplings, Adapters, Tube Fittings (Cat. 250, 12 pp.) 


Design Data on Adapters and Tube Fittings of all kinds (Bul. 655, 12 pp.) 


AERO RESEARCH INSTRUMENT CO., AD P 508.... 315 North Aberdeen St., Chicago 7, Ill. 
0171-01 AerOpak Thermocouples: Temp. Ranges - 400 to 3000 deg. F (Data Catalog) 


AETNA BALL & ROLLER BEARING CO., DIV. OF PARKERSBURG-AETNA CORP., AD P 315 
4600 Schubert Ave., Chicago 39, lil. 
0180-01 Bearings - Bushings - Washers (General Catalog & Engineering Manual!) 
AIRBORNE ACCESSORIES CORP., AD P 225, 227 1414 Chestnut Ave., Hillside 5, NJ. 
0198-01 Fhp. Motors-H!-TEMP: A.C. Amb. Temp. Minus 65 to 600 deg. F. (Bul. PS-8A, 4 pp.) 
0198-02 2 


ROTORAC: Rotary Solenoid Actuators, 12 02 6 in. Ib. (Bul. PS-7A, 4 pp.) 


0198-03 Capacitors - HI-TEMP (up to 700 deg. F.), Mica & Teflon (Bul. PS-6A, 4 pp.) 
Capacitors - Mylar (& miniaturized R.F. Filters) (Bul. 5 4 pp.) 

Modular Control Systems: Transducer, contr actuators (Bul. PS-SA, 4 pp.) 
Temperature Controls R-8010 Electro-mech. System (Bul. PS-4A, 4 pp.) 
ROTOMISSION: Shaft, mounted, rotating transmission (Bul. IR-61, 8 pp. 
Actuators: Forced Gradient for Helicopter attitude (Bul. PS-3A, 4 pp.) 
ELECTROMISSION: High-speed positioning unit (Bul. 1E-60, 4 pp.) 


ANGLEGEAR: 90 deg. power take offs to 5 hp. (Bul. LA-58, 4 pp.) 


0198-04 
0198-05 
0198-06 
0198-07 
0198-08 
0198-09 
0198-10 


AIRMATIC VALVE, INC., AD P 550............... 7317 Associate Ave., Cleveland 9, Ohic 
0216-01 New TUBE-O-MATIC Control Valves. Design data (Bul. 91043, 4 pp.) 

0216-02 Clamps: single or double acting. 0-500 psi . (Bul. 91036, 4 pp.) 

0216-03  Pin-Oplgated, double-acting. Best available (Bul. 91050, 2 pp.) 

0216-03 Pin-Operated, double-acting. Best available (Sul. 91050, 2 pp 

0216-04 Hydraulic or Pneumatic: directional, shuttle (Bul. $1053, 2 pp.) 

0216-05 MEASURE-MATIC: adjustable precision metering (Bul. 91048, 4 pp.) 

0216-06 Portable Air: heavy duty or economy size (Bul. 91029, 4 pp.) 


ALBION INDUSTRIES, INC., AD P 350 
0229-01 industrial Casters & Wheels (Catalog, 44 pp 


Albion, Michigan 


ALLEN MANUFACTURING CO., THE, AD P 382 ... Hertiord 1, Conn. 
0279-01 Allen Set and Socket Screws (Screw Data Handbook) 


ALLIED CHEMICAL CORP., PLASTICS DIV. AD P 117-120 
40 Rector St., New York 6, N.Y. 
0292-01 PLASKON Nylon Tubing for instrument-Air Service (Cat. 18 pp.) 
292-02 PLASKON, “Plastic & Resins in Brief"(Brochure, 10 pp.) 
0292-03 PLASKON, Nylon Molding Compound, description & data(Bul. 4 pp.) 
0292-04 PLASKON Wood-F illed Urea, properties & data(Cat. 5-68-16, 4 pp.) 
0292-05 PLASKON Coating Resins for Paints, Varnishes, Lacquer, etc.(Cat. 7-108-19, 22 pp.) 
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540 West Chevy Chase Dr., Glendale, Cal. 


0292.06 PLASKON Phenolic Resin for Furn., Aluminum & Spar F in.shes(Cat. 7-49-19, 6 pp.) 
0292-07 PLASKON Polyester Resins, “ An introduction to Premix Moiding’’(Cat. 6-661, 8 pp.) 
0292-08 PLASKON Plastics & Resins, general descriptions (Bul. 4 pp.) 

0292-09 PLASKON Nylon Films & PLASKON Wood-F lour Urea (Bul. 4 pp.) 

0292-10 PLASKON: Nylon 6, Ureas, & Alkyds(Bul. 4 pp. 


ALLIED RESEARCH ASSOCIATES, INC. ........... 43 Leon Street, Boston, Moss. 
0311-01 Specialized Vibration isolation Systems (Brochure #1 
0311-02 Color instrumentation, High-Speed Automatic (Bulletin, 8 pp 


ALMO MANIFOLD AND TOOL CO., ADP 570...... 
0342-01 Manifolds for hydraulic circuits (Brochure) 


11472 Keltz, Centerline, Mich. 


AMERICAN CAST IRON PIPE CO., ADP 185. P.O. Bex 2603, Birmingham 2, Ale. 
0414-01 ACIPCO Spun Stee! Tubing-(Cat. L-111, 64 pr 
0414-02 Ductile ron Pipe, Tube, Fittings, Castings (Bul. L-127, 38 pp 


AMERICAN CHAIN & CABLE CO., INC., AD P 348 271 S. Pennsylvanic, Wilkes-Borre, Po. 


0423-01 #TRU-LOC Wire Rope Assemblies- Specifications on 18 different terminal fittings 


AMERICAN CHAIN & CABLE COMPANY, INC., AUTOMOTIVE AND AIRCRAFT DIV., AD P 338 
601 Stephenson Building, Detroit 2, Mich. 
0423-01 #TRU-LAY Push-Pull Controls, five sizes—various types of operating heads (Dat f 
AMERICAN STOCK GEAR DIV., PERFECTION GEAR CO., AD P 234 
Hervey, lil. 
Gears and other Power Transmission Equipment, complete data 
Flanged & Motorized Worm Gear Speed Reducers, design data (B 


0527-01 


0527-02 


ANCHOR COUPLING CO., INC., AD P 571 E. Church & 4th Sts, Libertyville, til. 
0549-01 Hydraulic Assemblies, Couplings-complete line (Cat. 102, 44, 

0549-02 Adapters, Adapter Unions, Pipe Fittings 

0549-03 Reusable Hydraulic Hose Couplings pressure 

0549-04 O-Ring Flanged Head Hydraulic Hose Assemblies (Cat. 403, 64 

0543-05 Automotive Hose Assemblies, F ittings—al! types (Cat. 603 
ANKER-HOL TH DIV., WELLMAN ENGINEERING CO., AD P 557 
2723 Conner St., Port Huron, Mich. 
0570-01 Cylinders, hydraulic and ait (Master Catalog on 8 complete cylinder line 

THE APEX MACHINE & TOOL CO., AD P 238 1042 S. Petterson Bivd. Deyton 2, Ohie 
0572-01 Universal Joints—3/8” to 4” dia. stock sizes, special to order (Cat. 28, 24 pp 


ARCH GEAR WORKS, INC., AD P 252 
0574-01 Precision Gears - al! types & ( 


97 Holmes St., North Quincy 71, Mess 


asses. Standard Com’! Gea 


ARCH INSTRUMENT CO., INC., AD P 252 101 Holmes St., North Quincy 71, Mess. 
0574-01 Precision Differentials: Full line, 1/16" to 1/2”, Std. Spec 
0574-02 Gear Assemblies: Gear trains and servo gear assemblies 


ARMCO DIVISION, ARMCO STEEL CORPORATION, AD P 78-79 
2021 Curtis St., Middletown, Obie 
Armco UNIVIT and Enameling iron (Bulletins 
Armco ZINC GRIP Coated Steels (Bulletins 
Armco ALUMINIZED Steeis{ Bulletins) 


0990-01 
0590-02 
0590-03 


ARMSTRONG CORK CO., INDUSTRIAL DIV., AD P 31! 
6509 Irvin St., Lencester, Po. 


ART WIRE & STAMPING CO., AD P 346 227 High St., Mewerk 2, HJ. 
0621-01 Wire Sub-Components for the Electronics Ind. (Bul. 4 pr 
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ARTUS CORP., AD P 330 

0625-01 Shims, Gaskets, Shim Stock (Bul., Samples, Color identification Chart) 

ASSOCIATED SPRING CORP. ...........--.. 0000s Bristol, Conn. 

(648-01  Spring-Tension, Custom Fasteners--made from strip or wire (4 pp.) 

0648-02 Meta! Selector--comparison of materials commonly used in spring making (1 p.) 
0648-03 How A.S.C. Solves Des. and Prod. Problems of Springs and Spring-like Things (16 pp.) 
0648-04 A.S.C. SPEC Spring Catalog--1500 stock, precision engineered coil springs (16 pp.) 
0648 -05 Designing Springs For Performance: recommendations for sound design (8 pp.) 

0648-06 High Temperature Springs-Design and materials discussion (8 pp.) 

0648-07 Washers & Washer Dies for thousands of sizes of spring washers (6 pp.) 


ATLANTIC INDIA RUBBER WORKS, INC., AD P'156 573 West Polk St., Chicago 7, Ill. 
0661-01 Rubber Products - molded, extruded, fabricated (Catalog 52, 158 pp.) 


AUBURN MFG. CO., THE, AD P 342, 564 
0693-01 LEATHER Packings for all services-Sizes, Tannage info. (5 pp.) 
0693-02 RING Design Book-available sizes, compounds, groove data (20 pp.) 


AUTOMATIC SWITCH CO., AD P 431, 541 50-65 Hanover Ri., Florham Pork, NJ. 
0729-01  Contactors-Dependable Power Circuit Control (Cat. 57-S3, 32 pp.) 
0729-02 Accessories and Special Control Equipment (Cat. 57-S7, 16 pp.) 

072903 Electric Plant Controls-For Stand-by Plants (Cat. 57-S6,24 pp.) 

0729-04  Relays-For Circuit or Load Control (Cat. 57-S4, 46 pp.) 

0729-05 Automatic Transfer Switches-For Emergency Power (Cat. 57-S1, 56 pp.) 
0729-06 Remote Control Switches-For Power and Lighting (Cat. 57-S2, 44 pp.) 
0723-07 Solenoid Valves-2 Way, 3 Way, 4 Way, Special Purpose (Cat. 202, 40 pp.) 
0729-08 Solenoid Vaive Stock List-Selection & Prices (Publ. 506, 16 pp.) 
072999  Solenoids-Standard and Special Applications (Cat. 57-S5, 16 pp.) 
0729-10  Strainers~2 Way for Air, Oil, Water, Brine, etc. (Bull, 8600, 1 p.) 


AVDEL, INC., AD P 381 
0756-01 BALL-LOK Quick Release Pins (Cat. 10 pp.) 
0756-02 CHOBERT High Speed Riveting System (Bul. R-4321, 4 pp.) 


210 Seth Victory, Burbank, Calif. 


AVINS INDUSTRIAL PRODUCTS CORP., AD P77 .. 50 Broadway, New York 4, N.Y. 
0760-01 Seamless Drawn Brass & Copper Tubing; Copper Capillary Tubing (Bul., 2 pp.) 


B/W CONTROLLER CORP., AD P 505 2200 East Maple Rd., Birmingham, Mich. 
0774-01 Liquid Level Controls: Floatiess types for many applications (Cat., 20 pp.) 


BABCOCK & WILCOX CO., THE, TUBULAR PROD. DIV., AD P 85 
Beever Falls, Pa. 

Mechanical Tubing, Stee! (Bul, T8-361, 6 pp.) 

Pressure Tubing, Stainiess Steel Tubing (Bul. T.8.-417, 15 pp.) 

Seamless Welded Tubing, Steel (Bul. TB-429) 

Rolled Rings, Stee! (Bul. TB-483, 8 pp.) 

Tubular and Solid Extrusions, Steel (Sul 


0783-01 

1783-02 

1723-113 

0783-04 

078% 05 T8-413, 6 pp.) 

BALDWIN-LIMA-HAMIL TON CORP., ELECTRONICS & INSTRUMENTATION DIV., AD P 482 
42 Fourth Ave., Waltham, Mess. 

Instruments, Strain Gage, Transducer, Calibration (Bul. 4400A) 

St-4 Bonded Filament Resistance Strain Gages, over 300 types. (Bul. 4310-60) 

HT Micro-Miniature Thermocouples-complete specifications (Bul. 4336) 

Load, Pressure, Torque Transducers-complete specifications (Bul. 4350-60) 


0801-01 
0801-02 
0801-03 
0801-04 


BARBER-COLMAN CO., AD P 446-447 ... Rockford, Ill. 
0810-01 Electrical Components: Motors, Relays-Full Line (indexed Cat., 60 pp.) 
0810-02 Small a-c Motors: Reverse, Synchronous, Gear (indexed Cat., 48 pp.) 


BARCO MFG. CO., AD P 586 


0819-01 Rotary Joints: Standard and special types ( 


527 Hough St., Barrington, III. 


at. 310, 4 pp.) 


BARKSDALE VALVES, AD P 568 
0823-01 
0823-02 
0823-03 


5125 Alcoe Ave., Los Angeles 58, Calif. 
Hand & Solenoid Operated Air & Hydraulic Valves, (Cat. 60-61, 24 pp.) 

CRESCENT “Mach 2” Solenoid Valves - to 150 psi (Cat., 601021, 12 pp.) 

Pressure Switches, vacuum to 20,000 psi. (Cat. 610430, 32 pp.) 


BEARIUM METALS CORPORATION, AD P 94 
0882-01  “Bearium Meta! Story” 


Mill at Commercial St., Rochester 14, N.Y. 


BEAVER PRECISION PRODUCTS, INC., ADP 219.. Clawson, Mich. 
OR91~01 Bali Screws, Special precision (Design and Data Catalog) 
091-02 Ball way bearings (Design and Data Brochure) 

0891-03 Roller way bearings (Design and Data Brochure) 

0891-04 Ball screws, standard, sizes and prices (Brochure) 

0891-05 Bal! splines, standard and special (Design Catalog) 


BELLOFRAM CORP., AD P 584 
0918-01 


Blencherd Rd., Burlington, Mass. 
DIAPHRAGM Design Manual, 28 pp. Applic., Order info, Size List. 


BELLOWS-VALVAIR, DIV. OF IBEC, ADP S47..... 
0922-01 
0972-02 
0922-03 


230 W. Market St.,Akron 3, Ohie 
The Bellows Air Motor-Description & application (Bull. BM-25R 20 pp.) 
Production ideas-Showing Bellows Ai Devices (Bull. ML-5 16 pp.) 

Index Tables-Description and dimensions (Bull, RT-1326A 12 pp.) 
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0922-04 
922-05 
0922-06 


Drilling Units-Description and specifications (Bull. CD-75 20 pp.) 
VALVAIR Control Systems-Vaives, cyl!s., access. (Bull. VL-61 24 pp.) 
VALVAIR Manual Valves-Valve mode! number Combinations (Bull. MVS) 


BENDIX-ELMIRA, ECLIPSE MACHINE DIV., BENDIX CORP., AD P 228 
Elmira, N.Y. 


BERRY HYDRAULICS DIV., OLIVER TYRONE CORP., AD P 540 

Corinth, Miss. 
Berry Touch-O-Matic Clutch with hydraulic pump (Cat. BC361, 2 pp.) 
Gear Motors outputs to 25 hp, speeds to 3000 rpm (Cat. OM-594, 2 pp.) 
Gear Pumps to 85 gpm and 3000 PS! (Cat. B/D-608, 4 pp.) 


0941-01 
0941-02 
0941-03 


BIRD & CO., INC., RICHARD H., AD P 294 
0945-01 Precision Jewel Bearings (Cat., 24 pp.) 


1 Spruce St., Waltham 54, Moss. 


BLAW-KNOX CO., FOUNDRY & MILL MACHINERY DIV., AD P 195 
300 Sixth Ave., Pittsburgh 22, Po. 
Blaw-Knox Cast Steels Standard Specifications (Bulletin 2592) 
High Temp., Abrasion, Corrosion Resistant Castings (Bulletin 2537) 
Blaw-Knox Stee! Casting Service (Bulletin 2569) 


0981-01 
0981-02 
0981-03 


BODINE ELECTRIC CO., AD P 416-417 

0990-01 Bodine Stock Motors (Bul. $-2A, 12 pp.) 
0990-02 Bodine Synchronous Motors (Bul. 1036, 20 pp.) 
0990-03 Bodine instrument Motors (Bul. IM-1, 28 pp.) 
0990-04 Bodine Motorgram (External House Organ, 4 pp.) 


2500 W. Bradley Pl., Chicago 18, Ill. 


CHARLES BOND CO., AD P 253 
0999-01 Gears: Stock & Special (Cat. 100, 80 pp.) 
0999-02 Speed Reducers: Worm gear, stock & special (Cat. 100, 80 pp.) 


617 Arch St., Philadelphia 6, Pe. 


BORG & BECK DIV. OF BORG-WARNER CORP., AD P 245 
6558 Se. Menard Ave., Chicago 38, Ill. 
Clutches for Automotive Passenger Cars (Complete Design Specifications) 
Clutches for Automotive Trucks (Complete Design Specifications) 
Clutches, Tractor (Complete Design Specifications) 
Torque Converters (Full details and design specifications) 


1035-01 
1035-02 
1035-03 
1035-04 


BOSTON GEAR WORKS, AD P 267 Quiney 71, Mass. 

1044-01 Precision Gears-over 2000 types Standard Stock Sizes (Cat. PG 160) 
1044-02. OPTIMOUNT Reductors & Ratiomotors, shaft/base mounted (Cat. OP-1) 
1044-03 BOSTON Series 100 Reductors & Ratiomotors (Cat. R-56) 

1044-04 Power Transmission Products - over 9,000 standard items (Cat. 57) 


BOWEN ITCO, INC., AD P 578 P.O. Box 4587, Houston, Texas 
1057-01 Seal Ring Assembly (Brochure and Instruction Vanual 


BOWER ROLLER BEARING DIV., FEDERAL-MOGUL-BOWER BEARINGS, INC., AD P 335 
Detroit 14, Mich. 


BRADY CO., W. H., AD P 502 729 W. Glendale Ave., Milwovkee, Wisc. 
1080-01  Self-bonding: Mylar, Aluminum, Vinyl (Write for Engrg. Des, Kit NP729) 


BREVEL PRODUCTS CORP., AD P 456 601 West 26 St., New York 1, N.Y. 
1089-01 Shaded Pole induction Motors - Series ¥ (Engrg. Bul., 1 pp.) 
1083-02 Shaded Pole induction Motors, Gearmotors (Bul., 4 pp.) 


BROOKS & PERKINS, INC., AD P 86 

1116-01 Lightweight Cabinets and Consoles, (4 pp.) 
1116-02 Finish Systems for Magnesium (16 pp.) 
1116-03 Magnesium Alloys: Mill Products (8 pp.) 
1116-04 Subcontracting: Capabilities Countdown (36 pp.) 


1950 W. Fort St., Detroit 16, Mich 


BRUMING CO., THE, AD P 565 Box 147, Lincoln, Nebraske 
1138-01 Cylinders, pneumatic & hydraulic: gen. info. & data (Cat. L-609-1) 
1138-02 Cylinders; hydraulic: description & data (Cat. L-6010-1) 

1138-03 Couplers, Quick Disconnect: gen. info. & design data(Cat. \-609-2) 
1138-04 Couplers, Quick Disconnect & self-sealing: comp. data(Cat. L-6103-2) 
1138-05 Couplers, Quick Disconnect-Open F low Series: data(Cat. L-6104-2 ) 
1138-06 Hydraulic Check Valve: description & design data(Cat. L-6104-3) 
1138-07 Drain Valve-F lush Mount, description & installations (Cat. L-6103-1) 


BRUNING CO., INC., CHARLES, AD P 54-55 Mount Prospect, Ill. 
1143-01 Bruning Hamilton furniture Line (Cat. A-2807, 32 pp.) 

1143-02 COPYFLEX printing machines-S models (Bu!. A 2360, 12 pp.) 
1143-03 Bruning COPYF LEX Model 61 Printer (Bul. A-2831, 4 pp.) 
1143-04 Bruning Drafting Machines - Full Line (Bul. A-2000A, 20 pp.) 
1143-05 Bruning COPYFLEX Model 675 (Bul. A-2433, 8 pp.) 

1143-06 COPYFLEX Model 440 - Printmaker (Bul. 2581, 4 pp.) 

1143-07 Bruning Electric Erasing Machine (Bul, A-2275 A, 2 pp.) 
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BRUNING CO., INC., CHARLES, PARAGON REVOLUTE DIV., AD P 54-55 

Mount Prospect, Ill. 
Bruning Whiteprinters: 42-in. REVOLUTE STARLETS (Bul. A-2846, 4 pp.) 
Bruning ROCKETTE line of REVOLUTE Whiteprinters (Bul. A-2857, 4 pp.) 
REVOLUTE STAR Whiteprinter (Bul. A 2726, 6 pp.) 
REVOLUTE COMET Whiteprinter: 60 ft. per min. (Bul. A-2673, 8 pp.) 
Continous Reducing Printer & Photo Processor (Bul. A-2678, 8 pp.) 


1143-01 
1143-02 
1143-03 
1143-04 
1143-05 


BUCHANAN ELECTRICAL PRODUCTS CORP., 496, 509 

Hillside, WN. J. 
Terminal Blocks, Connectors, Cable Fittings (Cat. 76, 12 pp.) 
Buchanan Pre-insulated Splice Caps, Tools (Bul. 2002-A, 4 pp.) 


1152-01 
1152-02 


BY-BUK CO., AD P 53 4314 W. Pico Blvd. Los Angeles, Celif. 
1188-01 Printed Circuit Drafting Aid Chart with MIL Spec. (Bul. P-30A, 6 pp.) 


C4&H SUPPLY CO., METAL-CAL DIV., ADP 186 415 E. Beach Ave., Inglewood, Colif. 
1215-01 Anodized Aluminum Metal-Cals, Scriptcals, Name Plates (Cat. 12 pp.) 


C-THRU RULER CO., AD P 44 
1224-01 Template, T-Square, Triangle, Scale, Ruler, Ellipses (Cat., 20 pp.) 


CAMERON IRON WORKS, INC. ............0..0005- 3003 Lowisione St., Houston, Tex. 
1273-01 Cameron F orgings-Closed-die press forgings (40 pp.) 
CAMLOC FASTENER CORP., AD P 378 22 Spring Volley Rd., Paramus, W.J. 
1278-01 CAMLOC Quarter Turn Fasteners & CAMLOC Latches (Cat. 128 pp.) 

278-02 CAMLOC Sub-miniature \ turn & Pushbutton Fasteners (Bul. 601 & 608, 4 pp.) 
1778-03 CAMLOC Latches for containers & Chassis (Bulletins 602-610, 2 pp. ) 


CANNON ELECTRIC CO., AD P 484 
1296-01 General purpose solenoids (Cat. Sl, 52 pp. 
129-02 Cannon Plug Guide - Gen. info. on application des. (CPG-5) 


3208 Humboldt St., Les Angeles 31, Calif. 


CARPENTER STEEL CO., THE, ADP 90 Reading, Pe. 
1323-01 High Temp. Alloys: Design & Working Data (Cat. 144) 

1323-02 Electronic & Magnetic Alloys: 64-p Design Guide (Cat. 183) 
1323-03 Stainless Working Data: Design, Selection, Fab. info. (Cat. 267) 
1323-04 Tool and Die Stee! Selection: 187-p Ref. Manual (Cat. 268) 
1323-05 Stainless Tubing & Pipe: Selecting & Buying Guide (Cat. 394) 
1323-06 Fine Wire From Specialty Steels: interesting Booklet (Cat. 324) 


CARR FASTENER CO., DIV., UNITED-CARR FASTENER CORP., AD P 375 
Cambridge 42, Mass. 


2884 Bernice Rd., Lansing, Ill. 


rices. (Vaster Catalog, 24 pp.) 


CARTER CONTROLS INC., AD P 558 


1332-01 Cylinders, air and hydraulic. Full details a 


CELANESE POLYMER DIV., CLEANESE CORP. OF AMERICA 

180 Medison Ave., New York 16,N.Y. 
1359-01 Cellulose Acetate Mold. Compounc, gen. cata (Bul. A2B, 15 pp.) 
1359-02 Extrusion of Ceianese Acetate, gen. data (Bul. A3C, 10 pp.) 
1359-03 FORTICEL, gen. data on mold. compounds (Bul. A2A, 21 pp.) 
1359-04 FORTIFLEX A60, gen. data (Bul. P1A, 10 pp.) 
1359-05 FORTIFLEX 850 Series, general data (Bulletin PIC, 6 pp.) 
1359-06 FORTIFLEX C & D, gen. data (Bulletin NP-37, 4 pp.) 
1359-07 FORTIFLEX Extrusion, fundamentals & data (Bul. P38, 24 pp.) 
1359-08 Molded CELANESE Cellulosics, prop. & app!. (Bul. A3B, 7 
1359-09 Molding FORTIFLEX A, gen. data (Bul. P3A, 10 pp.) 
1359-10 Polyester resins, summary data (Cat. OB1-4, 6 pp.) 
1359-11 Blow Molding Fortiflex, gen. data (Bul. P3G, 16 pp. 
1399-12 CELCON, Properties & handling instruc. (Bul. NP-44, 4 pp. 


pp. 


CHACE CO., W. M., AD P95 
1404-01 Thermostatic Bi-Metals (“Information Booklet’ 


1611 Beard Ave., Detroit 9, Mich. 
42 pages Design Data) 


CHASSIS-TRAK INC., AD P 314 
1443-01 = Slides for electronic cabinets (Six Design £ 


525 S. Webster, Indianapolis, Ind. 
g. Data Sheets) 


CHEMICAL CORP., THE, AD P 155 54 Waltham Ave., Springfield 9, Mess. 
1458-01 Luster-On Metal coatings for corrosion protection (Bulletin, 6 pp.) 


CHEMICAL PRODUCTS CORP., AD P 149 King Philip Rd., East Providence, R.1. 
1467-01 PLASTISOLS for Coating, Molding & Gasketing (Brochure, 18 pp.) 


CHEMIQUIP CO., AD P 588 36 E. 10th St., New York 3, N.Y. 


I Es na dotianvccsasnnmesaven P.O. Box 169, West Werwick, RJ. 
1490-01 TEFLON Tapes, Yarns, Molded Shapes and Products-{Cat., 22 pp.) 


CHERRY ELECTRICAL PRODUCTS CORP., AD P 504 
Highland Pork, Ill. 
1485-01 Switches: Limit, Push-button, Rotary Precision, & Snap Action. 
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CHERRY RIVET DIV., TOWSEND CO., AD P 370.... 


Box 2157-D, Sente Ane, Celif. 
1490-01 12 


Cherry Commercial Blind Rivets: specs., application data, tools (Cat. TCL-160, 12 pp.) 
CHICAGO LOCK COMPANY, AD P 342 2024 HM. Recine Avenve, Chicago 14, Ill. 
1512-01 Locks For Every Purpose (Catalog 105, 60 pp.) 

1512-02 Chicago Lock Door Handles, Cabinet & Combination Locks (Bul. DH-1, 4 pp.) 

1512-03 Chicago Switch Locks - Full line (Bul. UBSO1, 6 pp.) 


CHIKSAN CO., AD P 536-537 330 MN. Bree Bivd. Bree, Colif. 
1561-01 Swivel Joints-Application & dimensional Data, press. ratings (Gen. Cat. G-5, 24 pp.) 
1561-02 Swivel Joints - 11-60 Low Pressure LFS Series (1 page) 

1561-03 Swivel Joints - 2-61 High Pressure HFS Series (1 page) 

1561-04 Swivel Joints - 1258 Multiple Service DS Series (4 pp.) 

1561-05 1-61 Spring Balanced Loading Arms using pipe and swivel joints (8 pp.) 


CHRISTIE ELECTRIC CORP 3414K West 67th St., Los Angeles 43, Cal. 
1563-01 Rectifiers & Power Supplied DC: (Bul. AC-61) 

1563-02 Rectifiers: Arc Lamp (Bul. AL~-57) 

1563-03 Battery chargers: Fully automatic & static for any type battery (Bul BC60-1) 


CHRYSLER CORP., AMPLEX DiV., AD P 299 P.O. Box 2718, Detroit 31, Mich. 
1566-01 OILITE Self-Lubricating Bearing Stock L ist (S-60, 20 pp.) 
1566-02 AMPLEX Powder Metal Engineering Manual (E-59, 45 pp.) 


CIRCLE SEAL PRODUCTS CO., INC., ADP 566 .... 2181 Eost Foothill Bivd., Posedena, Calif. 
1584-01 Circle Seal Valves-Complete Engrg. Data (Cat. 6S-2278R) 


CLEARPRINT PAPER CO., AD P 47 
1602-01 “Technical Paper Sample Book”’ (15 


1482 67th St., Emeryville, Colif. 


CLECO AIR TOOLS, DIV. OF REED ROLLER BIT CO., AD P 544 

P.O. Box 2541, Houston |, Tex. 
1606-01 General Catalog, including Air Motors (Bulletin 960, 72 pp.) 
CLIPPARD INSTRUMENT LABORATORY, INC., AD P 564 

7350 Colerain Rd., Cincinnati, Ohio 


1624-01 + MINIMATIC: Valves (Bul. 960); Cylinders (Bul. 461); 


f ittings Bul. 561+Air & Hyde 
COMBINATION PUMP VALVE CO., ADP 546 .... 355 Lencester Ave., Heverford, Pc. 
1651-01 O-SEAL Air & Hydraulic Valves and Fittings-1500 & 6000 psi (Cat. 60-B, 36 pp.) 


CONSOLIDATED MOLDED PRODUCTS CORP., AD P 136 
336 Cherry St., Scronton 2, Pe. 


1679-01 Facilities Report (20 pp 


CONTINENT AL-DIAMOND FIBRE CORP., ADP 152 70 Sowth Chapel! St., Nework 13, Del. 


1683-01 General Catalog—Vulcanizeo Fibre & La Piast 
CORMING GLASS WORKS, AD P 127 

1773-01 Designing With Giass (Bulletin |Z-1, 12 pp. 
1773-02 Properties of selected Commercial Glasses (Bulletin B83, 16 px 


1773-03 Vycor industria! Glasses (Bulletin B91, 8 pp. 


Corning, New York 


COSMO PLASTICS COMPANY, AD P 134 3239 West 14th St., Cleveland 9, Ohic 
1777-01 Nylon Bobbins: From stock or to your specs.(Catalog, 24 pp.) 


COTO-COIL CO., INC., AD P 511 65 Pavilion Ave., Providence 5, R.1. 
1782-01 Custom Cotls for Reed Switches (Bul. 61)}-Wires #6-56, Calss A,B,F,H temps 


CRAMER DIV., GIANNINI CONTROLS CORP., AD P 478 

Centerbrook, Conn. 
PRESSTAKER: New automatic assembly machine for pressing & staking (Cas-2, 6 pp 
Timing Motors, AC and DC (Bul. GB-910, 4 pp.) 


1805-01 
1805-02 


CRANE PLASTICS, INC., AD P 154 506 Hutten Pl., Columbus 15, Ohie 
1809-01 Extrusions, custom-plastic, rigid & flexible; (Broch., 8 pp.) 


CROUSE-HINDS CO. AD P 479 Syrecese 1, WN. Y. 
1845-01 M60 Type EPC Explosion-Proof (Cat. Page, S14:)-4.4 
1845-02 ARK-trol Connectors (Bul. 2711) 

1845-03 Explosion-proof and other meeting NE.C. (Bul. 2722 


CROWN GEAR DIV., HARRINGTON & RICHARDSON, INC., AD P 273 
320 Park Ave., Worcester 10, Mess. 


CURTIS DEVELOPMENT & MFG. CO., AD P 510 3266 M. 33rd. St., Milwevkee 16, Wisc. 
1876-01 Terminal Blocks and Terminal Block Kits: Specs. & Prices (Cat. 161, 12 pp.) 


CURTIS UNIVERSAL JOINT CO., AD P 248 119 Birnie Ave., Springfield 7, Mess. 
1881-01 Universal Joints: purchasing and engineering data (Catalog C-4) 


CUTLER-HAMMER, INC., 296 N. 12th St., Milwaukee 1, Wis. 
1890-01 Mag. Brakes & Relays; Solenoids; Timers (Panelbuilder’s Handbook 0-82, 122 pp.) 
1890-02 A-c and D-c Controllers for ali applications (Merchandiser, 80 pp.) 

1890-03  ‘“*Uitrafiex” Electronic & Magnetic-Amplifier Drives (Pubs. EN-64 & 65) 
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1990-04 
1890-05 
1890-06 
1890-07 
1890-08 


Magnetic Motor Starters (Pubi. LO-70, 20 pp.) 

Smali toggle, lever, pushbutton, rotary, Switches (Pub. EA~-114) 
Heavy duty oiltight Pushbuttons and Control Stations (Pub., LO-104) 
Miniature precision Limit Switches (Pub. EA~154, 4 pp.) 

Oiltight Limit Switches-14 operating heads, one base (Pub. ED-143) 


DAHLSTROM MANUFACTURING CORP., ADP 192 443 Bufiele St., Jamestown, N. Y. 
1904-01 Metal Mouldings-Cat. shows 2200 Standard Shapes. 


DAKOTA ENGINEERING, INC., AD P 508 
1908-01 CAB-L-TITE, BUND-L-TITE straps to secure wires. (Des. & Specs.) 


DAMA CORP., CON-VEL DIV., AD P 259 3901 Christopher, Detroit 11, Mich. 
1921-01 RZEPPA constant velocity universal joints, general summary (Cat. 4 pp.) 
1921-02 RZEPPA constant velocity universal joints, general data (Cat. 2 pp.) 


DAYFLEX PLASTICS DIV., DAYCO CORP., AD P 337 

Deyton |, Ohio 
1953-01 Hose - Flexible, plastic, non-collapsibie (Catalog 860) 
DAYTON INDUSTRIAL PRODUCTS CO., DIV., DAYCO CORP., AD P 251 

Melrose Park, ill. 
193-01 Handbook of Dayton U-belt drive, design & selection (Cat. 280-B, 180 pp.) 
1953-02 New HP Rating for Selection & Design of Dayton Drives (Cat. 280-B Supplement) 
1953-03 Dayton POL Y-U-Drives (Catalog 240, 54 pp.) 


DELTA DESIGN INC., AD P 44 3136 Adams Ave., Sen Diego 16, Colif. 
1975-01 Temperature Chambers: -100 to 500 deg. F., 4 portable models (Bul. 2 pp.) 


DL-ARCO CORP., AD P 180 835 Eighth Ave., Lake City, Mina. 
2003-01 DI-ACRO Press Brakes, Benders, Shears, Punches, Rolls, Spring Winders (Cat. 61). 


DIAMOND CHAIN COMPANY, INC., AD P 229 Dept 443, 402 Kentucky Ave., 
Indianapolis 7, Indiena 
2011-01 Diamond Stock Roller Chains, Sprockets, & Couplings (Cat. No. 760) 
DIMCO-GRAY CO., AD P 330, 394 207 E. Sixth Street, Dayton, Ohio 
2034-01 Stock Plastic Handles & Knobs, no tooling, (Cat., 8 pp.) 

2034-02 Snapsilide Fasteners: 3 sizes inc!, AN types (Data Sheets) 


DINGS BRAKES INC., AD P 254 4740 W. Electric Ave., Milwaukee, Wis. 
2043-01 Direct Acting Magnetic Disc Brakes (Bulletin BK-4006, 8 pp.) 


DIXON CORP., AD P 155 103 Burnside St., Bristol, R. |. 
2052-01 Basic shapes, fabricated parts in Rulon and Teflon (Cat. 9572, 4 pp.) 


DODGE MANUFACTURING CORP., AD P 264-265 .. Mishawaka, lod. 

2061-01 Dodge FHP Sheaves and FHP SEALED-LIFE Belts (Bul. A687, 4 pp.) 
2061-02 TAPER-LOCK Stee! Conveyor Pulleys (Bul. A671A, 12 pp.) 

2061-03 FLEX'!DYNE Drives and Couplings - Dry fluid drive (Bul. 70, 20 pp.) 
2061-04 Roller Chain, Sprockets, Chain Couplings (Bul. A691, 56 pp.) 

2061-05 V-Belt Drives, Sheaves, SEALED-LIFE Belts (Bul. A661, 108 pp.) 
2061-06 Dodge Dependable Mounted Bearings (Bul. 10A, 80 pp.) 

2061-07 PARA-FLEX Flexible Cushion Couplings - 3 types (Bul. 9018, 24 pp.) 
2061-08  Shaft-Mounted TORQUE-ARM Speed Reducers (Bul. 60, 60 pp.) 
2061-09 DYNA-V: Dodge V-Belt Drives, | to 1500 Hp. (Bul. A695A, 40 pp.) 


DOERR ELECTRIC CORP, AD P 448 
2070-01 idea Book- Design Data. Special designs. Std. motor specs. & prices (Cat. 150, 14 pp.) 


DOUBLE A PRODUCTS CO. ...... 20... cece ccceeee Manchester, Mich. 
2106-01 Hydraulic valves, pumps, motors, power units (Cat. 610, 28 pp.) 
2106-02 . Gerotor .3 to 12.5 hp (PP6, 4 pp.) & Staff hi-torque (PP5, 4 pp.) 
2106-03  Gerotor pumps, .24 to 43 gpm, up to 2000 psi (Cat. PP6, 4 pp.) 
2106-04 Circuit Master power units with L-shape design (Cat. PP4, 4 pp.) 


DOW METAL PRODUCTS CO., THE, DIV. OF THE DOW CHEMICAL CO., AD P 76-77 
Midland, Michigan 

Aluminum Mill Products, general information & design data (Bul. 141-228) 

Magnesium Mill Products, general information & design data (Bul. 147-2172) 

Magnesium for Monocoque Construction, gen. infor. & des. data (Bul. 147-20) 

Magnesium ZE 10A Sheet & Pilate, general information & des. data (Bul. 141-197) 


2108-01 
2108-02 
2108-03 
2108-04 


DOW CORMING CORP., AD P 131, 441, 552 

2110-01 —Anti-foamers: Silicone for oi! and aqueous systems (Manual 4-407, 8 pp.) 

2110-02 Adhesives: Silicone press.-sensitive, heat-stable, dielectric (Pamphlet 4-164, 6 pp.) 
2110-03 Coatings: SYL-OFF; impart release surface to paper products (Bul. 8-605, 4 pp. ) 
2110-04 Silicone Damping Fluids: non-siudging, wide temp. span (Brochure 3-112, 8 pp.) 
2110-05 —_— Insulation: Silicone electric and electronic (Brochure 10-105, 12 pp.) 

2110-06 Lubricants: Heat stable Silicone oils and greases (Bul. 6-101, 8 pp.) 

2110-07 ‘Resins: Silicone for paints - heat and weather resistant (Brochure 7-904, 4 pp.) 
2110-08 Resins: Silicone for dielectric/structural |aminates (Brochure 7-401, 4 pp.) 


4315-4317 Sepulveda Bivd., Culver City, Col. 
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SILASTIC Rubber: -130 to 500F in dielectric & Mechanical uses (Bro. 9-105 & 9-106) 
SILASTIC RTV Rubber—ideal prototype mold material (Brochure 9-411, 8 pp.) 
Silicones: complete line for mechanical & Electrical uses (Ref. Guide 1-115, 16 pp.) 
Elastomers: Silicone Rubber gasket & seal material (Bul. 9-118, 24 pp.) 


2110-09 
2110-10 
2110-11 
2110-12 


DRAGON ENGINEERING CO., INC. 13457-D Excelsior Dr., Norwalk, Calif. 
2112-01 High Pressure Needle Valves--complete line (Catalog, 4 pp.) 
DUDEK & BOCK SPRING MFG. CO., AD P 344 4014 W. Grand Ave., Chicago 51, fil. 


DUFF-NORTON CO., AD P 223 Four Geteway Center, Pittsburgh 22, Pe. 
2160-01 Worm Gear Jacks: specifications, applications, engrg. drawings (Cat. AD-66, 8 pp.) 


DUMONT ENGINEERING CO., AD P 584 1401 Freemon Ave., Long Beach 4, Colif. 
2165-01 Self-Aligning, Low Torque. Engrg. & Specs. (Cat. 500, 4 pp.) 
2165-02 Filters: Miniature, In-Line, Engrg Data, & Specs. (Cat. 600, 4 pp.) 


de PONT de NEMOURS & CO. (INC.), E. |., PHOTO PRODUCTS DEPT., N-2430A, AD P 49 
Wilmington 98, Del. 

CRONAFLEX Engineering Reproduction and Drafting Films (Catalog A-17936) 

CRONAFLEX - describing use in restoring old drawings (Bul. A-19066) 

CRONAFLEX and use of photodrawings (Bul. A- 18202) 

CRONAFLEX drafting orocedures (Data Sheets A-20132 and A-20133) 


2169-01 
2169-02 
2169-03 
2169-04 


duPONT de NEMOURES & CO., INC. E.1., FILM DEPT., AD P 138 

Room 9531-N (DD) Wilmington 98, Dei. 
Tefion FEP Film-{Technical Report T-1, 18 pp.) 
Mylar Polyester Film-{Technical Report M-1, 24 pp.) 


2169-01 
2169-02 


DURAMETALLIC CORP., AD P 345 
2187-01 DURA family of Metallic Seals-DURASEAL (Cat. 458, 16 pp.) 
2187-02 PTO High Pressure DURASEAL : 600 to 2000 psi at 5000 fpm (Cat. 492) 


DURANT MANUFACTURING CO., AD P 489 1938 N. Buffum St., Milwaukee 1, Wis. 
2196-01 Counters: Stroke, rev., elec. impulse; Lin. meas. devices (Cat. 200) 

2196-02 ‘instrument Counters: Digital readout instruments (Cat. 400) 

2196-03  Tachometers: ind. for var. speed machs. Hand units. (Cat. 60) 


DUREZ PLASTICS DIV., HOOKER CHEMICAL CORPORATION, AD P 140-141 

1514 Walck Road, North Tonawande, N.Y. 
220-01 OUREZ Plastic Materials (Bulletins) 
DYMO INDUSTRIES, AD P 44 2546 10th St., Berkeley 10, Calif. 
2203-01 Dymo tools and tapes (folder) 
2209-02 How and where to use Dymo labels (folder) 
2208-03 Dymo color coding systems (folder) 


DYNAMIC GEAR CO., INC., AD P 252, 346 175 Dixon Ave., Amityville, L.1., N.Y. 

2214-01 “Gear Tolerances, A Workable Approach” (Tech. Art., 4 pp.) 

2214-02 “Seven Rules To Simplifying Gear Specs” (Tech. Art., 4 pp.) 

2214-03 “Wear Characteristics of Fine Pitch Gears” (Tech. Art., 4 pp.) 

2214-04 Precision Stock Gears: Full design data (Cat. F128, 128 pp.) 

EASTERN INDUSTRIES, INC., AD P 543 Hamden, Connecticut 

EASTMAN CHEMICAL PRODUCTS, INC., PLASTICS DIV. SUB. EASTMAN KODAK CO., 
AD P 124-125 Kingsport, Tennessee 

2255-01 Plastics by Eastman (N.Y. Times supplement, 15 pp.) 

2255-02  Tenite Butyrate for Outdoor Signs (Booklet, 40 pp.) 

2255-03 Tenite Cellulosic Plastics (Booklet, 7 pp.) 

2255-04 Tenite Plastics Views, pkg. materials (Booklet, 19 pp.) 

2255-05  Tenite Plastic Views, vacuum forming (Booklet, 16 pp.) 

2255-06 Tenite Polyethylene, summary of (Brochure, 8 pp.) 


ELASTIC STOP NUT CORP. OF AMERICA, AD P 373-385 
2330 Vauxhall Rd., Union, N. J. 
ROLLPIN self-locking, spring-pin fasteners (Cat. 860, 19 pp.) 
Hexagon Nuts: (‘Torque Tension Manual No. 6101°', 18 pp.) 
Nuts for bearing Locknut applications (Des. Wan. 6111, 30 pp.) 
Nuts for use on heavy-duty equipment (Bul. 590IR, 16 pp.) 


2295-01 
2295-02 
2295-03 
2295-04 


ELASTIC STOP NUT CORP., ELIZABETH DIV., AD P 510 

1027 Newark Ave., Elizabeth, ¥. J. 
2295-01 + AGASTAT Timing instruments (Bul. SR1, 4 pp.) 
ELECTRALAB PRINTED ELECTRONICS CORP., AD P S04 

175 ‘‘A” St., Needham Heights, Mess. 


ELECTRIC WHEEL CO. DIV. OF THE FIRESTONE TIRE & RUBBER CO., AD P 347 
Quincy, Ill. 

2335-01 Disc & Spoke Wheels, Sprindlies & Heavy ~<duty Axles (Catalog No. M835 SP) 

ELECTRO SWITCH CORP., AD P 503 

2367-01 Switches, inst. & Control, types & descriptions (Cat. 6055-1N) 

2367-02 Rotary Switch, Mult-Position; Design Data (Bul. A61, 2 pp.) 
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2367-03  Slip-Ring & Switching Assemblies, Design Data (Bul. 60-01, 4 pp.) 
2367-04 Rotary Multipole Switches, Design Data (Cat. 101-A, 18 pp.) 


ELLIOTT CO., AD P 426 NM. Fourth Street, Jeannette, Po. 
2394-01 The Fine Art of Building Better Motors (Bulletin PB6000-10-560, 12 pp.) 
2394-02 A Motor is A Series of Circles (Bulletin BP6900-13, 12 pp.) 

2394-03 Single-Stage Compressors (Bulletin P-13, 18 pp.) 

2394-04 Twin Strainers (Bulletin A-138, 8 pp.) 

2394-05 Self-Cleaning Strainers (Bulletin A-19B, 4 

2394-06 Synchronous Generators (Bulletin PB 2400-2, 4 pp.) 


EMERSON ELECTRIC MFG. CO., THE, AD P 4thCov. 5100 Florissant Ave., St. Lowis, Mo. 
2398-01 Motors, fractional and subfractional (Booklet, 12 pp. 

ENGELHARD INDUSTRIES INC., AD P 97 113 Astor St., Nework 2, N.J. 
2403-01 Silver Brazing (A Complete Guide, 45 pp.) 

2403-02 WILCO Composite or Laminated Metals (‘Composite Metais”, 8 pp.) 
2403-03 “Platinum Clad” (Bul., 4 pp.); includes many applications. 

2403-04 WILCO NI-SPAN C and special copper alloys (“*Special Alloys”, 8 pp.) 
2403-05 WILCO THERMOMETALS, or bi-metals (“‘Thermometais’’, 8 pp.) 

2403-06 WILCO Electrical Contact, contact materials("Electrical Contacts”, 81 pp.) 
23-07 ECON-0-TAPE contacts for electrical relays (4 pp. by Makepeace) 

2403-08 ‘Products For Nucleonics” (6 pp.) 

2403-09 “Thermocouples Of Noble And Base Metals’’ (31 pr 

2403-10 “Platinium vs. Platinum-Rhodium Thermocouples” (3 pp.) 

2403-11  “*Noble Metal Thermocouple Wire” (Charts & Tables, 4 ¢ 

2403-12 Silver Coatings: For Elec. & Communications Inds 

2403-13 Precious Metal Suspensions: elec./electronic 

243-14 “Gold For industry And The Arts” (Table 

2403-15  “ATOMEX Immersion Gold Solution” (4 px 

2403-16 “Platinium Clad Tungsten Wire” (4 pp.) 

2403-17 “High Purity Fused Quartz, Center F or” 


2403-18 Technical Data on 6 diff. Slip Ring Assembive 


EX-CELLO CORP .,AD P 564 945 E. Soter St., Greenville, Ohic 
2457-01 ROTAC Rotary Torque Actuators-Application Data (Cat. 26282-A, 18 pp.) 
2457-02 EX-CELL-O Drill Jig Bushings-Des. Engrg. Specs. (Cat. 356025, 8 pp.) 
2457-03 EX-CELL-O Precision Spindies-Complete Product Data (Cat. 25477, 8 pp.) 


EXCELSIOR LEATHER WASHER MFG. CO., AD P 588 
Rockford, fl. 
2466-01 Leather: Packings, Washers, Gaskets, Diaphragms (Manual) 


FABER-CASTELL PENCIL CO., INC.,A.W., AD P40 Newark 3, New Jersey 


393 Lofeyette St., New York 3, N.Y. 


& data (Cat. 57, 136 pp. 


FAIRBANKS CO., THE, AD P 344 
2484-01 Valves, Dart Unions, & Union Fittings, description 


FAIRFIELD MANUFACTURING CO., INC., AD P 244 2305 So. Concord Rd., Lafoyette, Ind. 
2520-01 Gears and Differentials: High precision to your “specs” (Bulletin 761, 4 pp.) 


FALCON DIV., GENERAL THERMODYNAMICS CORP., AD P 253 
205 Concord Turnpike, Combridge, Moss. 


CRG. GOO SP cicntesscccccdces cece 
2538-01 STEELFLEX Couplings, .3 to 130,000 np at 100 rpm 
2538-02 Speed Reducers 
Parallel Shaft (Cat. 1100, 24 pp 
Horizontal Right Angie (Cat. 2100, 
n-line Shaft (Cat. 1105, 32 pp 
Shaft and F lange Mounted Drives (Cat. 
2538-03 Motor Reducers: All-motor to 125 hp.; Integral t 


Box 492, Milwovkee, Wis. 
at. 4100, 32 pp.) 


FARMER ELECTRIC PRODUCTS CO., INC., ADP 498 2300 Washington St., Newton Lower Falls, 
Mess. 

2547-01 Scanner Relays, Types & uses (Bul. PE-3, 4 pp.) 
2547-02 Photoelectric Relays & Components (Bul. 1-61, 2 pp 


FAWICK AIRFLEX DIV., FAWICK CORP., AD P 260-261 

9919 Clinton Rd., Cleveland 11, Ohio 
2583-01 Clutches: Air-actuated & Magnetic. Brakes: air-actuated (Bulletin 500-A2, 36 pp.) 
2583-02 Clutches: Heavy-duty grinding mil! drives. Drum-type, air-actuated (Bul. ML-199, 4 pp.) 
2583-03 Brakes: Liquid-cooled, air, hydraulic, and water-actuated (Bull. ML-181-A, 4 pp.) 
2583-04 Clutch & Brake Packages for power press modernization (Bull. ML-200, 8 pp.) 


FEDERAL BEARINGS CO., INC., THE Poughkeepsie, N.Y. 
2588-01 Ball Bearings--specifications, design data (Cat. “L“’, 170 pp.) 


FEDERAL-MOGUL DIV., FEDERAL-MOGUL-BOWER BEARINGS, INC., AD P 305 
11043 Shoemoker, Detroit 13, Mich. 
2610-01 Sleeve Type Half Bearing Design Guide 
2610-02 Formed Bushing Design Guice 
2610-03 Thrust Washer Design Guide 
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PERO UE Obesscdcdilcteccccadbecases 210 South St., Boston 11, Mess. 
2637-01 ideas & Data on Felt and Synthetic Non-woven Fabrics (Felt Design Book) 
2637-02 Designs, hints, specs., to improve Felt Seals and cut costs (Seals Kit) 
2637-03  UNISORB Machine Mounts - Vibration contro! data (Mountings Bulletin) 
2637-04 + UNISORB Pads & LEVEL-RITE Mounts cut vibration 85% (Bulletin) 


FEMWAL INC., AD P 499 Ashlend, Mess. 


2646-01 Electronic Temperature Controllers and Indicators (Bul. WC-195, 8 pp.) 
2646-02 Non-indicating Temperature Controllers (Bul. MC-177A, 8 pp.) 

2646-03 Electronic indicator with THERMISTOR sensing; Mode! 582 (Bul. MC-197, 2 pp 
2646-04 Electronic Temperature indicating Control ler-Model 561 (Bul. MC-196, 4 pp.) 


FERGUSON MACHINE CO., AD P 250 7818 Maplewood Court, St. Lowis 17, 


Missouri 
2655-01 index Tables, Drives, in-line Machines (Cat. 160, 36 pp.) 


FIRESTONE INDUSTRIAL PRODUCTS CO., DIV. OF THE FIRESTONE TIRE & RUBBER CO., 
AD P 304 Noblesville, Ind. 

2700-01 AIRIDE Springs, general summary (Cat. M-607-0) 

2700-02 AIRIDE and AIRMOUNT, description of air suspensior 


FLANDERS FILTERS, INC., AD P 584 Riverhead, L. 1, N.Y. 
2718-01 Ait, sub-micron, Complete specs, dwgs, tables (Filtration Cat. 36 pp.) 


FLEXONICS DIV., CALUMET & HECLA, INC., AD P 309 

386 E. Devon Ave., Borlett, Ill. 
2727-01 Application & selection of Metal Hose & F ittings(Design Guide 225, 36 pp.) 
2727-02 Pipe Guides & Supports(Engineering Guide 222-C-432, 8 pp 
2727-03 Expansion Joints(Engineering Guide 222-A-432, 28 pp.) 
2727-04 High & Low Pressure Expansion Conpensation(Engrg. Guide 222-£ 
2727-05 Application & Selection of FLEXON Bellows(Catalog 155, 20 


FLUID CONTROLS, INC., AD P 579 .............. P.O. Bex 186, Mentor, Ohio 
2739-01 Check Valves - standard, pilot checks and double pilot checks ( g 5S 
2739-02 Relief Valves - Engineering data on four types (Catalog 552) 

2739-03 Flow Controls - restrictor valves, needle valves, flow regulator talog 553 


Ck atalog 


FLUID REGULATORS CORP., AD P 585.. 313 Gillette St., Painesville, Ohic 
2741-01 Pressure and flow contro! valves—standard of custor etins # 
2741-02 Cartridge & Manifold valves—complete st Julletins #2 


FORCE & CO., INC., WM. A., AD P 336 216 Nichols Ave., Brooklyn 8, N. Y 
2758-01 Universal Rotary Numbering Heac ponent System t.. @ 
2758-02 FORCE Numbering & Coding Machines (B B og 


FORD MOTOR CO., INDUSTRIAL ENGINE DEPARTMENT, AD P 436 
P. 0. Box 598, Dearborn, Mich. 
2772-01 industrial Engines and Power Units (B hs 


FRANKLIN ELECTRIC CO., INC., AD P 419-420 ... Bluffton, Ind. 
2821-01 Standard Motors made of Aluminum: 1 - 74%! Bul letir 


FULTON SYLPHON DIV., ROBERTSHAW-FULTON CONTROLS CO., AD P 334 
P.O. Bex 400, Knoxville I, 

2843-01 Syliphon Bellows and assemblies, Shaft Seals, Thermostatic Devices (Cat. | 

2843-01 Syliphon Bellows and assemblies, Shaft Seals, Thermostatic Devices (Cat 

2849-02 Actuators - Diaphragm type for valves, dampers, etc. (Bul. SF-763 

2843-02 Actuators - Diaphragm type for valves, dampers, etc. (Bul. SF-763 


FUNK MANUFACTURING CO., AD P 262 Coffeyville, Kenses 
2853-01  Custom-built Power Transmissions from standard Components (Bul. 4 pp 


FUSITE CORP., THE, AD P 491 6000 Fernview Ave., Cincinnati 13, Ohic 
2871-01 Hermetic terminals. Samples for testing. Write on Company letterhead 


GALLAND-HENNING NOPAK DIV., AD P 539 2762 S. Bist St., Milwowkee 46, Wis. 
2880-01 + NOPAK High-Pressure Hydraulic Cylinders, Sq. Head, Class 3 (Cat. CL-3, 30 pp.) 
2880-02 NOPAK Low Pressure Hydraulic Cylinders, Class 1, 2, and W (Cat. 101A, 16 pp.) 
2880-03 NOPAK Bore-Rated Air & Hydraulic Cylinders (Cat. CL-6, 36 pp.) 

2880-04 NOPAK Air & Hydraulic Valves & Cylinders (Bul. W3, 8 pp.) 

2880-05 NOPAK Air & Hydraulic Operating Valves (Cat. 102A, 20 pp.) 

2880-06  NOPAK Air & Hydraulic Square-Barrel Cylinders (Bul. 107, 6 pp.) 


GARDNER-DENVER CO., AD P 573 Ovincy, I. 

2894-01 Ait Motors, radial piston - specifications (Cat. AM-1 3¢ Ed., 8 pp.) 
2894-02 Air Motors, Rotary Vane - specifications (Sec. 71, pp. 1, 21, 31) 

2894-03 Ait Motors, Axial Piston - specifications (Sec. 70, p.1, 87-59) 

2894-04 Air Line Lubricators - specifications (Sec. 65, p. 1, 48-59) 

GARLOCK, INC., AD P 144 Palmyra, N.Y. 

2898-01 Molded, Extruded, Die-cut Shapes: Close-tolerance sizes. (Cat. AD-167 
2898-02 Leather: Hydraulic (Cat. AD-115), Soft (Cat. AD-131), Metal (Cat. AD-166)_ 
2898-03 Seals: Oil and Grease (Cat. AD-181), Mechanical (Cat. AD-150 and AD-164 
2898-04 intricate, close-tolerance Shapes - wide range of Plastics (Cat. AD-177 
2898-05 Sheet or Custom Cut - all materials for all applications (Cat. AD-190 
2898-06 Custom Built Insulators, Connectors, Sockets (Cat. AD-169) 
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GAST MAMUFACTURING CORP., AD P 556 P.O. Bex 117, Benton Herbor, Mich. 
2916-01 Ait Motors; Lub. & Oil-less Compressors & Vacuum Pumps (Cat. 660, 12 pp.) 
2916-02 Air Motors, Air Compressors, Vacuum Pumps (Full line Cat., 64 pp.) 


GEARMATIC CO. LTD., AD P 275 
2955-01 ROTO-VERSALS - Combining Motor & Reduction with hi-speed reverse (Bulletin) 


GEAR SPECIALTIES, INC., AD P 270 2635 West Medill Ave., Chicege 47, lil. 
2961-01 Fractional Horsepower Gearing, complete description of line (Cat., 6 pp.) 


GENERAL CONTROLS CO., AD P 475 

2997-01 Counting instruments (Cat. 608.462, 6 op.) 
2997-02 Switches: Industrial, Commercial, Domestic (Cat. £08.503, 8 pp.) 
2987-03 Industrial Solenoid Valves (Cat. 608.436, 6 pp.) 

2997-04 industrial Product & Process Controls (Cat. 608.297, 4 pp.) 
2997-05 Automation Controls (Cat. 608.215, 48 pp.) 

2997-06 industrial Controls, Valves, instruments (Cat. 608.179, 90 pp.) 


801 Allen Ave., Glendele |, Calif. 


GEMERAL ELECTRIC, CHEMICAL MATERIALS DEPT., AD P 137 
| Plastics Ave., Pittsfield, Mess. 

3006-01 Plastic and Chemical Materials (Catalog COC-381, 12 pp.) 
GENERAL ELECTRIC CO., MINIATURE LAMP DEPT., AD P 490 

Nela Pork, Cleveland 12, Ohio 
G-E Glow Lamps as circuit components & indicators (Bulletin #3-0193, 4 pp.) 
G-E Glow Lamps as circuit contro! components (Booklet #3-1137, 8 pp.) 
Specifications on the G-E Wedge Base incandescent lamp (Bulletin #3-1116) 


3006-01 
3006-02 
3006-03 


GENERAL FINDINGS INC., INDUSTRIAL DIVISION, AD P 500 

Leach & Garner Bidg., Attleboro, Mass. 
Collector Rings: Des. Specs. (Tech. Data Bul. 401, 4 pp.) 
Contact Materials; Des. Specs. (Buls. 301, 601, 701, 12 pp.) 


3015-01 
3015-02 
GLEASON WORKS, AD P 233 iversityAve., Roch 
3168-01 Gleason Gear-Making Equipment (Literature On Gears & Machines) 


3, N.Y. 





GLOEE INDUSTRIES, INC., SUPERMET DIVISION, AD P 192 

1461 Cincinneti St., Dayton 8, Ohio 
SUPERMET Powder Metal Parts - High Density (Bull. PE-1, 6 pp.) 
SUPERMET Hi-Density Powder Meta! Gears. (Bull. G) 


3186-01 
3186-02 


GLOBE INDUSTRIFS, INC., AD P 418 1783 Stanley Ave., Dayton 4, Ohio 
3186-01 Motors & gearmotors, AC & DC, .001 through .1 hp. (Cat. M-1, 70 pp.) 

3186-02 Blowers, small electronic cooling, all types (Cat. B-2, 25 pp.) 

3186-03 Actuators, rotary & linear, AC & DC (Bulletin A-3, 2 pp.) 

3186-04 Timers, custom made, all types incl. MIL spec. (Bul. T-4, 2 pp.) 

3186-05 Generators, miniature rate & tach,, AC & DC (Bul. G-5, 2 pp.) 

3186-06 Gear motors, miniature, any ratio, AC & DC (Cat. P-6, 12 pp.) 


8. F. GOODRICH CHEMICAL CO., PLASTIC MATERIALS DIV. , AD P 132-133 
3135 Ewclid Avenve , Cleveland 15 ,Ohie 
Vinyl, ABS, Polyurethane uses, properties-(Bull. PM-1, 20 pp.) 
New Abson ABS plastic-uses, description (Bull. G-22, 12 pp.) 
Estane—first thermoplastic polyurethane (Bull. G-18, 16 pp.) 
Viny! sheet technology, duct, fume hoods- (Bull. G-17, 20 pp.) 
Extruded rigid viny! components (12-page Bulletin) 
Synthetic rubber, uses & properties (12-page Bulletin) 


3213-01 
3213-02 
3213-03 
3213-04 
3213-05 
3213-06 


GOODYEAR TIRE & RUBBER CO., THE, INDUSTRIAL PRODUCTS DIV., AD P 220-221 
Akron 16, Ohie 

COMPASS F lat Transmission Belts, wide range of weights (Bul. 502, 4 pp.) 

Timing Belts: Positive Drive, Sizes 1/5”*~1 1/4” pitch. (Bul. $-51156, 4 pp.) 


3216-01 
3216-02 


GOSHEN RUBBER CO., INC., AD P 148 1525 S. Tenth St., Goshen, ind. 
3222-01 0-Rings-Sizes, groove dimen.-compounds {Bul., 16 pp.) 

3222-02 TETRASEALS-Rectangular section seals (Bul., 16 pp.) 

3222-03 Rubber Parts, Seals, and Components-custom-made (Bul. 8 pp.) 


GRAHAM TRANSMISSIONS INC., AD P 268 

3231-01 + GRAHAM Variable Speed Drives: 1/15 to 1 hp (Bul. 551, 8 pp.) 
3231-02 Ultra-Precise, Miget Var. Speed Drive to 1/8 hp (Bulletin) 
3231-03 New Metallic Traction V. S. Trans 1/6 to 1% hp (Catalog) 


GRAPHITE METALLIZING CORP., ADP 340, 474 1022 Nepperhan Ave., Yonkers, N.Y. 
3258-01 GRAPHALLOY Bearings, Pillow Blocks, Bushings, -450° to +750°F (Cat. 4, 52 pp.) 
3258-02 GRAPHALLOY Brushes, Contacts, Slip Rings, Brush Holders (Cat. 3, 61 pp.) 
3258-03 Brush holders, cylindrical, with helical springs (Data Sheet 111, 2 pp.) 

3258-04 Brush & Slip-Ring Assemblies, coin silver, cylindricat or flat (DS 218, 2 pp.) 

3258-05 Contacts and Contact Materials, GRAPHALL OY long-life (Data Sheet 143, 2 pp.) 
3258-06 GRAPHALLOY and GRAPHLON Seals (Data Sheet 133 & Inquiry Form 130, 3 pp.) 
3258-07 Hanger Bearings with GRAPHALLOY Bushings to 750° F (Data Sheet 509, 16 pp.) 
3258-08 —Self-aligning Flange Bearings for Dampers, Louvers (Data Sheet 517, 2 pp. ) 
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GRIES REPRODUCER CORP., AD P 392 159 Beechwood Ave., New Rochelle, N.Y. 
GRIP HUT CO., AD P 390 
3330-01 + GRIPCO Fasteners - Complete line - Lock-Clinch-Weld nuts (Cat. 161 20 pp.) 


GROOV-PIM CORP., AD P 37! 1125 Hendricks Covsewey, Ridgefield, N.J. 
3339-01 GROOV-PINS - Complete Des. Engrg. Specifications (Cat. 12 pp.) 
3339-02 TAP-LOK self-tapping threaded inserts-Complete Specs. (Cat. 12 pp.) 


HAMILTON FOUNDRY INC. AD P 187 1551 Lincoln Ave., Hamilton, Ohio 
3381-01 Hamilton Quality Ductile iron - specs. and unusual properties 

3381-02 How Design is Affected by Foundry Practice - well illustrated 

3381-03 Many Irons/One Source/One Quality - specs. on all irons from Hamilton Foundry inc. 
3381-04 Summary of Specifications - Gray and Nodular irons (G.1.F .S.) 


HANDY & HARMAN, AD P 372 850 Third Ave., New York 22, N.Y. 
3393-01 Silver Alloy Brazing - EASY-FLO and SIL-FOS (Bul. 20, 24 pp.) 

3393-02 Vacuum Tube Grade Brazing Alloys (Bul. 25, 4 pp.) 

3393-03 Carbide Tool Tip Brazing Methods & Recommendations (Bul. 11-B, 4 pp.) 
3393-04 Brazing Fittings To Pipe & Tubing (Bul. 17, 4 pp.) 

3393-05 HANDY ALUMIBRAZE “*400”* for aluminum alloys (Bul. 23, 6 pp.) 

3393-06 Precious metal recovery - “Waste Disposal” guide (Bul. 24, 4 pp.) 


HANSEN MANUFACTURING CO., INC., ADP 455... Princeton, Ind. 
3411-01 Contro! Motors - (Specifications and Output Data Sheet) 
3411-02 Motors, Sub-Fractional - (3-page Specification and Data Sheet) 
3411-03 Timers - (Three-page Specification and Data Sheet) 

3411-04 Timing Motors - (Specifications and Output Data Sheet) 


HANSEN MANUFACTURING CO., AD P 567 4031 West 150th St., Cleveland 35, Ohio 
3411-01 Quick-connect couplings & Hose Clamps (Cat. 100, 46 pp.) 


HARRISON MANUFACTURING CO., AD P 332 2908 NH. Noomi St., Burbenk, Colif. 
3447-01 K-6 Alloy Coating for Static Meta! Seals (Cat. 401) 

3447-02  Astro/Weight, a Lightweight Tube Fitting for Missile Plumbing (Cat. 501, 6 pp.) 
3447-03 K-SEAL Metal Seai Handbooks and Technical Bulletins. 

3447-04 K-Seal Internal metal seal for Astro/Weight Missile Plumbing (Cat. 501) 


HARTFORD STEEL BALL CO., AD P 345 
3465-01 Precision Balls: General summary and technical data (Cat. 16 pp.) 


HASEMANN FLEXIBLE SHAFT CO., AD P 268 Summit Ave., Chatham, NJ. 
3477-01 Flexible Shafting-Comp. Des. Engrg. Specs. (Cat. 12 pp.) 


HEIM CO., THE, AD P 316 
3528-01 Ball Bearings: Complete Design Specifications (Bul. BB-61, 12 pp.) 
3528-02 Spherical Bearings and Rod Ends: Design Specs. (Bul. 561, 36 pp.) 


HEINZE ELECTRIC CO., AD P 421 685 Lawrence St., Lowell, Mass. 
3546-01 Complete Line of Sub-Fhp. Motors and Blowers. Engineering & design data. (Cat 16 pp. ) 


HELI-COIL CORPORATION, AD P 387 609 Shelter Rock Lene, Denbury, Conn. 
3555-01 HELI-COIL Screw-thread & Screw-Lock Inserts(Bulletins) 


HELLER CO., GERALD K., AD P 454 2673 South Western St., Les Vegas, Nevede 
3560-01 Electronic Controllers & Matching Motors 1/50-% hp.(Cat. Sheets) 


HEXCEL PRODUCTS INC., AD P 176 2332 Fourth St., Berkeley 10, Calif. 
3600-01 Honeycomb Sandwich Design Data & Test Methods (Bulletin, 48 pp.) 

3600-02 Paper Honeycomb Panel Production Data (Bulletin, 8 pp.) 

3600-03 HONEYLITE Aluminum Honeycomb Luminous Ceiling Systems ( 8 pp.) 


HEYMAN MANUFACTURING CO., AD P 496 
3609-01 Snap bushings, data sheet (Bulletin, 2 pp.) 
3609-02 Strain relief bushings, data and applications (Bul. 25, 4 pp.) 


HILLIARD CORP., THE, AD P 239 103 Fourth St., Elmira, N.Y. 

3627-01  Overrunning Clutches & Couplings: all data (Bul. 231 & OR2, 12 pp.) 

3627-02  Single-Revolution Clutches: motion contro! (Bul. 239 & SR2, 12 pp.) 

3627-03 Centrifugal Couplings for inertia drives. (Bul. CE-4, 8 pp.) 

3627-04 Slip Clutches &Couplings-overload protect’n (Bul. 300 & SC2, 12 pp.) 

3627-05 intermittent Drive Unit for motion control. Fully-enclosed package (Bul. 1DU-2, 8 pp.) 


HITCHINER MFG. CO., INC., AD P 196 
3631-01 investment Castings - “Engineering Slants” series on close-tolerance parts. 


HOOVER BALL AND BEARING CO., AD P 297 

3690-01 Hoover Ball Bearings. Ail types (Catalog, 66 pp.) 

3690-02 Hoover Spherical Rolier Bearings (Bulletin 113, 16 pp.) 
3690-03 Hoover R & 30 Series Ball Bearings (Bulletin 112, 4 pp.) 
3690-04 Hoover Extra Light Ball Bearings (Bulletin 108, 4 pp.) 
3690-05 Hoover Pillow Block & Flange Bearings (Bulletin 106, 4 pp.) 
3690-06 Hoover Balls - Complete Specifications (Cat. HBBM 9, 20 pp.) 
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HORSBURGH & SCOTT CO., AD P 240 5114 Homilton Ave., Cleveland 14, Ohic 
3699-01 Full Line Brochure (Cat., No. FLB-60) 

3699-02 Helical & Herringbone Speed Reducers (Cat., No. HH-61) 

3699-03 Worm Gear Speed Reducers (Cat., No. WG-61) 

3699-04 Custom industrial Gears (Cat., No. 57) 


HOSKINS MANUFACTURING CO. , AD P 96 4445 Lowton, Detroit 8, Mich. 

3717-01 CHROMEL-ALUMEL Thermocouple Alloys - (Cat. M-61C-A, 36 pp.) 

3717-02 CHROMEL-R Premium Potentiometer and Precision Resistor Wire (Bulletin 111, 8 pp.) 
3717-03 CHROMEL Nickel-Chromium Resistance Alloys (Separate Catalogs) 


HOTWATT, INC., AD P 505 75 Maple St., Denvers, Mess. 
3726-01 Precision cartridge heating units, standard and custom (Bul., 12 pp.) 


HOWARD INDUSTRIES, INC., AD P 432-433 178 State St., Recine, Wise. 
3735-01 Fractional, Sub-fractional Motors: Full line, 1/2000 to 1 Hp. (Master Cat., 115 pp.) 
3735-02 Convenient guide to complete line of Howard Motors (Capsule Catalog, 8 pp.) 


HUBBELL, INC., HARVEY, MACHINE SCREW DEPT., AD P 386 

Bridgeport 2, Conn. 
A. C. Switches: Complete design information (Bul. H-1769, 12 pp.) 
TWIST-LOCK Wiring Devices: Ten types (Bul. H-1425, 48 pp.) 
Grounding Devices: U-Shaped & TWIST-LOCK (Bul. H-1998, 12 pp.) 


3753-01 
3753-02 
3753-03 


HYDE CO., A. L., AD P 157 101 Main St., Grenloch, NJ. 
3784-01 + Thermopiastics Comparison Chart - (4 Pages) 


IMTRA CORP., AD P 506 11 University Rd., Cambridge 38, Mass. 
3865-01  2-Way Precision Stepping Switch-Engineering Specifications (Cat., 4 pp.) 


INDUSTRIAL DEVICES, INC., AD P 504 


3897-01 OMNI-GLOW Pilot Lights - complete catalog (Cat. OGE, 8 pp.) 


INDUSTRIAL ELECTRONIC ENGINEERS INC., AD P 509, 514 


5528 Vinelend Ave., North Hollywood, Cel. 


Readout Displays: In-Line. Complete Specs. on ali sizes (Cat., 8 pp.) 
Self decoding BINAVIEW Readout: Complete Tech. Specs. (Cat., 2 pp.) 


3906-01 
3006-02 


INDUSTRIAL RETAINING RING CO, AD P 384 57 Cordier Street, Irvington, N.J. 

3915-01 Engineering Specifications -- industrial Retaining Rings (Catalog 61, 24 pp.) 

3915-02 _ ind, Series 3000 Pre-Stacked Extemal Retaining Rings. Sizes, Specs. (Folder 30, 6 pp.) 
3915-03 ind. Series 3100 Pre-Stacked External Retaining Rings. Sizes, Specs. (Folder 31, 6 pp.) 


INDUSTRIAL TIMER CORP., AFFILIATE-LINE ELECTRIC CO., AD P 485 
1407 McCartier Highway, Newark 4, N.J. 
Timing Controls, desc. & data (Cat. of product bulletins) 
Recycling Timers, description & data (Bul. 500, 4 pp.) 
Interval Timers, description & data (Bul. 400, 4 pp.) 
Time Delay Timers, description & data (Bul. 300, 4 pp.) 
Cam Timers, description and data (Bul. 200, 4 pp.) 
Programming Devices, Punched Card & Punched Tape (Bul. 100) 


3942-01 
3942-02 
3942-03 
3942-04 
3942-05 
3942-06 


INGERSOLL PRODUCTS, DIVISION OF BORG-WARNER CORP., AD P 45 

1000 West 120th St., Chicage 43, iil. 
3945-01 EMCOR Modular Enclosure System (Condensed Catalog, 20 pp.) 
INSTRUMENT SPECIALTIES CO., INC. ............ 244 Bergen Bivd., Little Fells, NJ. 
3951-01 BeCu Micro Processed Springs, Contacts, Bi-metals (Cat. 11, 19 pp.) 


INSTRUMENTS, INC., AD P 577 
3956-01 Micro Valve, miniature, snap action operator (Bulletin MV 459, 2 pp.) 


INTERNATIONAL HARVESTER CO., CONSTRUCTION EQUIPMENT DIV., AD P 428-429 
Engine Sales Dept., Melrose Park, Ill. 

3987-01 international Engines - A Complete Power Package (Engineering Data) 

INVO SPLINE CO., AD P 262 2357 W. Mine Mile Rd., Worren, Mich. 

4036-01 Master gears, spline gages, cosrse & fine pitch. (Brochure & stock list) 


JANCO CORP., AD P S14 3111 Winene Ave., Berbenk, Calif. 
4050-01 Rotary Switches, Solenoid Operated Switches--Complete Specs. (Cat. 28 pp.) 


JARVIS Aad JARVIS DIV., UNITED SERVICE EQUIPMENT CO., INC., AD P 340 
Palmer, Mess. 

4063-01 Stee! Disc Wheels, Replaceable Polyurethane Tires (Bulletin) 

JOHNSON BRONZE CO., AD P 319-322 New Castle, Pe. 

4095-01 Bronze Bars, solid & tubular, 13 in. over 400 sizes (Broch. JBL 1) 

4095-02 Bronze Bars, continucast, solid & tubular. 105 in. (Broch. JBI 14) 

4095-03 Bronze Bars, aluminum, solid & tubular, 13 in. over 125 sizes. 

4095-04 Bearings, cast bronze alloy (Broch. JBL-24 anc data sheet) 

40%-05 Bearings, continucast bronze (Broch. JBL 36) 

4095-06 Bearings, aluminum on steel (Brochure JBL 25) 

4095-07 Bearings, thin-wail bi-metailic, clearances & tolerances (Broch. JBL 40) 

4095-08 Bearings, bi-metallic, strength & testing data (Brochure JBL 41) 
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Loac-carrying capacity of bearing materials (Brochure JBL 42) 

Ferrous & non ferrous powder metal parts (Brochure JBL 4) 

Bearings, st. and stock powdered bronze (Brochure JBL 13) 

Bearings, Textile machinery (Brochure JBL 9) 

Bushings, cast-bronze; over 900 stock sizes (Brochure JBL 2) 

Bushings, electric motor, over 350 stock sizes (EM Catalog) 

Bushings, general purpose, technical data folder with selector (Bro. JBL 37) 
Ferrous & non-ferrous powder metallurgy products (Brochure JBL 4) 
Standard stock powdered bronze oushings (Brochure JBL 13) 


4095-09 
4095-10 
4095-11 
4095-12 
4095-13 
4095-14 
4095-15 
4095-16 
4095-17 


JOYCE-CRIDLAND CO., THE, AD P 274 2027 East First St., Dayton 3, Ohic 
4140-01 ACTUATORS-Worm Gear Jacks-Complete specifications (Cat. 28 pp.) 


KAUPP & SONS, C. B., AD P 189-190 
4167-01 Metal Forming Facilities for Production and Prototype Parts (Bul., 2 pp.) 
4167-02 Hydroforming Service, description of service & advantages (Cat., 4 pp.) 


KAYDON ENGINEFRING CORP., THF, ADP 310. 

4171-01 = Reali-Stir “‘off the shelf’ bearings et 
4171-02 
4171-03 


4171-0 


wuskegon, Mich. 
4-|78" diameter special beatin; 


ow priced Thin-Shells (Bulletin S-103, 4 


Ny!a-Rol nylon thrust bearings(data on request) 


KIRK & BLUM MFG. CO., AD P 317 3223 Forrer St., Cincinnati 9, Obie 


4221-01 Sheet & Plate Fabrication (catalog, 40 pp 


Swissvele, Pe. 
1421 S. Broedway, Dayton 1, Ohic 


and specs. avaiiabie 


KOPP GLASS, INC., AD P 121 

KURZ-KASCH, INC., AD P 92 

4275-01 Standard Knobs - Complete Catalog of style 
L AND L MANUFACTURING CO. , AD P 574 21590 Hoover Rd., Worren, Mich 
4284-01 Stee! fittings for hydraulic tube & pipe s (Cat. FT-60, 6 oe 

4284-02 Straight-thread fittings: S.A.E. O-ring & eal (CN5S 16 

4284-03 1 &L steel Hydraulic Fittings, Needie Valves (Bulletins) 


LAMB ELECTRIC CO., THE, DIV. OF AMERICAN MACHINE AND METALS, INC., AD P 440 
Kent, Ohic 

Special Application FHP Motors (Bulletin 5°, ® pp.) 

Vacuum Motors (Bulletins 101, 201, 301, 4M . 


407-01 
4307-02 


LAMINA DIES AND TOOLS, INC., AD P 301 P.O. Box 31, Royal Ook, Michigan 
4309-01 Guide Pins and Guide Pin Bushings (Cat. B-8) 

4309-02 Bronze Plated Wear Plates (Bul. WP-59) 
LA SALLE STEEL CO., AD P 87 1430 150th St., Hammond, Ind. 
4338-01 ‘“‘e.t.d."* - 150 Alloy Stee! Bars (Bulletin 22) 

4338-02 “e.t.d."" - 180 Alloy Stee! Bars (Bulletin 23) 

4338-03 “How To Make Your Own Machine and Repair Parts” (Bulletin 21) 

4338-04 FATIGUE-PROOF-"A New Material” (Bulletin 10, 24 pp.) 

4338-05  ‘““improve Quality, Cut Costs with STRESSPROOF” (Bul. 15, 14 pp.) 
4338-06 STRESS?PROOF Stee! Bars (An Engineering Report, 12 pp.) 


LEACH & GARNER CO., AD P 500 Leach & Garner Bidg., Attleboro, Mess. 
4347-01 Clad Metals-Comp. Des. Specs. (Technica! Data Bulletin 900-4 pp.) 

4347-02 Platinum Alloys-Comp. Des. Specs. (Technica! Data Bulletin 500) 

4347-03 Silver Alloys-Comp. Des. Specs. (Technica! Data Bulletin 300-4 pp.) 


LEDEX INC., AD P 497 123 Webster S., Deyton, Ohio 
4362-01 Transient controlled silicone rectifier (Bul. F-761, | pp.) 

4362-02 Ledex Rotary Solenoids, 250 stock models (Bul. A-1261, 12 pp.) 

4362-03 Pneumatic rotary actuator-90° stroke in milliseconds (Bul. P.A. 50, 1 pp.) 

4362-04 Selector and Stepping Switches, stock & custom made (Cat. PE-B, 30 pp.) 


4%3-01 LEE PLUGS-Complete Design and Engrg. Specifications (20 pp.) 


LEIMAN BROS., INC., AD P 566 105 Christi St., Newark 5, MJ. 
4383-01 Rotery Pumps, Vac. to 29.9"", Press. to 20 Ibs. (Cat. 561, 32 pp.) 
4383-02 Vacuum and Pressure Applications (Bulletin 7359, 63 prints) 


LENZ CO., THE, AD P 578, 586, 588 3301-D Klepinger Rd. Deyton 1, Ohio 
4392-01 Pat. O-Ring Seal, Flare, Pipe-Complete Lines, Specs. (Cat. 1060, 24 pp.) 
4392-02 Reusable-Low Press. indust., Paint-Spray, Oxygen-Acetylene (Cat. 12 pp.) 
4392-03 = indust. High-Med Press. Complete Lines, 2-WB, 1-WB (Cat. H10-59, 8 pp.) 
4392-04 High-Med. Indust., Farm, etc. Complete Line Specs. (Cat. HS-9-61, 48pp.) 











LEWIS CO., G.B., ADP 149 gomery St., W , Wis. 
4410-01 FIBERGLASS MOLDING TODAY-Complete Design-Engineering Data (Cat., 24 pp.) 


LIGNUM-VITAE PRODUCTS CORP., AD P 142 96-100 Boyd Avenve, Jersey City 4, NJ. 
4428-01 Self Lubricating Non-metallic Bearings of | ignum-Vitae (Bul. 707, 8 pp.) 
4428-02 Self Lubricating Non-metallic Bushings of | ignum-Vitae (Bul. 707, 8 pp.) 
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LIMA ELECTRIC MOTOR CO., INC., AD P 453 

4432-01 industrial Motors, to 200 np.{Brocnh.AMC-1, 4pp.) 

4432-02 GREEN SEAL Motors, totally enclosed (Data Sheet GS3-61) 
4432-03 Gear-Shift Drives, 4 to 15 np.(Broch. DRI-60, 4 pp.) 


pa ENGINFFRING CO., AD P 561 4010 Goodfellow Bivd., St. Lowis 20, Mo. 
44 clew machine production parts (Sul. 971. 1* pp.) 

4437-02 Automatic lubticating systems (Cat. 82, 50, 32 pp. ) 

g systems (Cat. 47, 36 op 
4437-04 Hydraulic grease fittings, specs. (Cat. 92, 32 pp. 
4437-05 Fasteners, brackets, clips (Bulletin 921, Cat. 50) 
443)- Aine 


4497-09 Materia Jispensin 


; 


tated hydraulic pumps (Cat. 65, 32 pp. 


LINK-BELT CO., AD P 256-258 1700 Prodential — Chicago 1, fil. 
4455-01 Ball Bearing pillow blocks & units-{Cat. 25500, 36 pp. & 2951, 
55-07 lutches-friction, jaw, spiral coupling types Folder 2 2637A, 8 00. * 
onveyor belts-tubber & chain types (Cat. 1000, 592 pp.) 
onveyor Chains-malleable, Promal & Stee! (Cat. 1050, 640 pp.) 
Souplings-chain, geared, rigid, compression (Cat. 1050, 640 pp.) 
Flexible Couplings-chain, geared & flange types (Cat. 1050) 
luid Orives-smooth acceleration, many types (Cat. 2747, 48 pp.) 
earmotors & Motogears-all types & sizes (Cat. 2747, 48 pp.) 
Motogears-chain, geat & variable speed types (Cat. 1050, 640 pp.) 
Pillow Blocks-ball, roller & sleeve (Catalog 25500, 2951, 2823, 2707) 
ler Chains & sprockets-complete data (Book 2657, 158 pp.) 
high speeds, complete data (fk, 2425, 92 pp.) 
Sleeve Bearings-pillow & flanged diocks (F older 2823, 6 pp.) 
4455-14 Speed Reducers-Worm, In-line, Parallel & Gearmotors (Cat. 1050) 
Roller Bearings-Mounted & Unmounted (Bk. 2760, 52 pp.) 
4455-16 Sprockets-cast & cut tooth, al! types & & special (Cat. 1050) 
4455-17 iSSION-Power transmission machinery (Cat. 1050, 640 pp.) 
4455-18 Variable Speed Drives-compact up to 50 hp. (Cat. 2274 & 2874, 98 po.) 


silent Chains for 


4455-15 spnerica 


2832 F. Grand Bivd. Detroit 11, Mich 


‘ 


LOCK TWREAD CORP., = P 390 . 


4482- elf locking bolts, studs, inserts & specials at. 40 pp 


prey aed MACHINE CO., INC., AD P 555 

449}-0} yckS, power-operated: Complete Engineering comme, 
4491-02 Hydraulic Cylinders: Complete Engineering Specifications 
449}-03 Pneumatic Cylinders: Complete Engineering Specifications. 
449]-04 Hydraulic Valves: Complete Engineering Specifications 
4491-05 Aw Valves: Complete Engineering Specifications. 

4491-06 Hydraulic Power Units: Complete Engineering Specifications. 


LOWELL WRENCH CO 89 Temple St., Worcester 4, Mess. 
4518-01 Ratchet Wrenches of special and ‘custom design (Data Fite, 8 pp.) 

4518 Ratchet Cranking Devices as component assemblies (Brochure C-52, 6 pp.) 
&03 Ratcheting Box Wrenches, remote & std. reversing (Brochure C-13, 8 pp.) 

&04 Strap Wrenches for turning delicate & odd shapes (Brochure C-14, 6 pp.) 


LUCAS MILHAUPT ENGRG. CO., AD P 394 5051 S$. Lake Dr., Cudahy, Wis. 
4536-01. Brazing Preforms: Complete specs., characteristics & selector chart (18 pp.) 


LYNAIR, sere AD P 582 
4563-01 4ydraulic and Pneumatic Cylinder 


3100 E. Michigan Ave., Jeckson, Mich. 
10” bore (Cat. AH-8, 50 pp.) 


M-D BLOWE RS, INC. A SUBSIDIARY OF MIEHLE-GOSS-DEXTER, INC., AD P 323 
100 Fourth St., Racine, Wis. 


4577-01 High-pressure positive and oil-free vane type Blowers.(Complete catalogs) 


MAAS & WALDSTEINCO., ADP 145 .............. 2110 MeCorter Highway, Nework 4, N.J. 
4581-01 RACHEM Finishes: Chemicai Resistant, clear & pigmented (Bull., T-528) 
4581-02 industrial F intshes: Multi-colored & textures, for most surfaces (Bull., T-520) 
4581-03 METALACE: Lace-like finish for most surfaces (Bull., T-565) 
4581-04 4 DUART: Tough, durable wrinkle finish (Bull., T-100 

458}- HAMME RTONE: Hammered metallic finish (B _ T-115) 

458 1-06 Water Lip: Keer lean meta! c ( 

4581-07 Plastic Finishes: Expanded & non expanded polystyrene, other plastics (Bull., T-566) 
MADISON-KIPP CORP., AD P 19) 
4608-01 
4608-0? 


206 Weubese St., Madison 10, Wis. 
Zine and Aluminum Die Castings. (Bulletin, 28 pp.) 
Lubricators (Bulletin) 


MAGNETIC SEAL CORP., AD P 243 166 Boy Spring Ave., West Berrington, RJ. 
4621-01 Magnetic Shaft Seals: Standard & Special Applications. Complete Engrg. Specifications. 
MARLIN-ROCKWELL CORP., AD P 308 Jomestown, 4.Y. 
MARGON CHEMICAL DIV., BORG-WARNER CORP., AD P 123 

P.O. Box 68, Washington, W. Ve. 
4684-01 CYCOLAC Brand ABS Plastics - Specifications, Applications (Catalog, 8 pp.) 
4684-02 CYCOLAC Story - Applications, Properties, Production (16 mm sound Color Film) 
4684-03 Comparison Chart Brochure - Compares the properties of 8 major Design Plastics. 
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MARLOW PUMPS DIV., BELL & GOSSETT CO., AD P 532 

P.O. Box 200, Midland Pork, NJ. 
Hundreds of Self-Priming & Straight Centrifugal Pumps (Cat. CL.-11) 
Pump Engineering Manual (EM-611, 42 pp.) 


4694-01 

4694-02 

MARMAN DIV., AEROQUIP CORP., AD P 542 11214 Exposition Blvd. Los Angeles 64, 
Calif. 

CONOSEAL Fittings: Small dia. Tube or pipe (Bul. 804) 

4698-02 FLEXMASTERS join tube or pipe wo threading, flanging (Bul. 807) 

4698-03 Clamps & Couplings (ind. Des. Cat. 803; Aircraft Des. Cat. 800) 

4698-04 Hose Clamps: 0.£.M. Specifications (Bulletin 806) 

4698-05 Band Clamps for all types of aircraft uses (Section 10) 


4698-01 


MARSH INSTRUMENT CO., DIV. OF COLORADO OIL & GAS CORP., AD P 560 
Skokie, Hl. 

4713-01 Thermometers, Vapor-Tension: desc. & data (Cat. 767, 36 pp.) 

4713-02 Guages: incl. test, master & pressure (Cats. T1, Ml, Q1, SI) 

4713-03 Needle Valves, description & data (Cats., NU-1, NU-2, NU-3) 

4713-04 Traps: Radiator & Steam, desc. & data (Sections 11& 12) 

4713-05 Solenoid Valves, description & design data (Cat. 6 pp.) 


MARTIN-DECKER CORP., AD P 588 3431 Cherry Avenve, Long Beech 7, Calif. 
4711-01 High Precision Pressure Test Gauges, (Bul. M-28B, and M-45A) 


MARVEL ENGINEERING CO., AD P 545 
4716-01 Filters: Complete hydraulic line (Bulletins) 


7227 We. Homlin Ave., Chicago 45, Ill. 


MASLAND DURALEATHER CO., THE, ADP 151 ... 
4725-01 Mastand Duran Clad - color line and samples. 


Amber & Willord Sts., Phile 34, Po. 


MAYLINE COMPANY, INC., AD P 53 607 NW. Commerce St., Sheboygen, Wis. 
4743-01 Drafting Room Furniture and Equipment (Cat. 11, 36 pp.) 


McGILL MFG. CO., INC., AD P 324 
4770-01 Bearings: Needle Roller and Precision Ball-Engrg. Specs. (Cat. 52A, 144 pp.) 
4770-02 Switches: Toggle, Rocker-Actuated and Special Engineered (Cat. 60, 12 pp.) 


MECHANICAL INDUSTRIES PRODUCTION CO., AD P 506 

219 Ash St., Akron, Ohio 

1824 River St., P.O. Box No. 116, 
Jockson, Mich. 

Fuses (Cat. 60B, 40 pp.) 


MECHANICAL PRODUCTS, INC. 


4797-01 Circuit Breakers, Motor Protectors, Relays, 
MEIER DIV. OF LAU BLOWER CO., AD P 325 

4811-01 
4811-02 


3525 E. Washing 
Propeller blades, description & data (Cat. 12 pp.) 
Des. of comp. line incl. blowers, housings, pulleys, bearings, etc. (Cat. 12 pp.) 


St., Indi lis, ind. 





MERRIMAN BROS., INC., LUBRITE DIV., AD P 349.. 199 Amory St., Boston 30, Moss. 


MICHIGAN TOOL CO., CONE-DRIVE GEARS DIV., AD P 242 

7171 E. MecNichols Rd., Detroit 12, Mich. 
4896-01 ROTO-FLO “‘chipless machining” (Bulletin RF-60, 8 pp.) 
MICHIGAN WIRE CLOTH CO., AD P 180 2100 Howard St., Detroit 16, Mich. 
4905-01 — Ind. Wire Cloth: Specs, & Fabrication Facilities. (Cat., 48 pp.) 
4905-02 Strainers: Fabrication & Wire Cloth Technica! Data. (Catalog) 


MICRO SWITCH, DIV. OF MINNEAPOLIS-HONEYWELL REGULATOR CO., AD P 501 
Freeport, Ill. 

Mercury Switches: Description & data (Cat. 90b) 

Heavy Duty Limit Switches: Description & data (Cat. 84a) 

Industrial Enclosed Switches: Description & data (Cat. 83e) 

Toggle Switches: Description & data (Cat. 73f) 

Lighted Display & Pushbutton Switch Devices: Des. data (Cat. 67b) 

Basic Switches: Des, data & applications (Cats. 62c & 63c) 


4912-01 
4912-02 
4912-03 
4912-04 
4912-05 


491 2-06 


MIDLAND INDUSTRIAL FINISHES CO. , ADP 142 .. East Woter St., Waukegan, ill. 
4923-01 Silicon Base application data and general information (Folder, 4 pp.) 
MIDWEST RUBBER COMPANY, AD P 154 22016 Grotict Ave., Box 98, 
Deckerville, Michigan 
4950-01 Boots, Seals, Sleeves, Bellows, Tubing, Covers, Caps(Brochure) 
MILLER ELECTRIC CO., AD P 507 120 Main St., Pewtucket, R.I. 
4977-01 CORDSETS, plugs, connectors, custom-molded assemblies. (4-pp. cat.) 
4977-02 COILED CORDS with moided-on stock, custom assemblies. (Uses, 4-pp. ) 


MILLER FLUID POWER DIV., FLICK-REEDY CORP., AD P 533 
York Rd., Bensenville, ili. 
4986-01 MILLER Air and Hydraulic Cylinders, Boosters, Accumulators. (Bul. AJH-104S, 32 pp.) 
MPB (MINIATURE PRECISION BEARINGS) INC., AD P 300 
Precision Park, Keene, New Hempshire 
Miniature Precision Ball Bearings. Over 500 types & sizes (Cat. 6, 64 pp.) 
MPB Engineering News: Bi-monthly Pub. for Designers using Miniature Bearings. 


5004-01 
5004-02 
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MIMA BEARING, A DIV. OF MPB, INC., ADP 300 .. 
5004-01 


Keewe, New 


Hompshire 
MINA Bearings - Low cost ABEC 3 Precision Miniature Bearings. (Cat., 111) 


MINNESOTA MINING & MFG. CO., MICRO FILM PRODUCTS DIV., AD P 43 
900 Bush Avenve, St. Pes! 6, Minn. 
CHRYSLER MISSILE Engr/data distrib. system/microfilm 
REDSTONE ARSENAL speeds engr. data on microfilm saves 
RAYTHEON converts | million drawings to microfilm for NATO 
US ARMY FINANCE speeds audit $3 million daily on microfilm 
BUREAU PUBLIC DEPT automates E Bonds on microfilm & tape 
SOCIAL SECURITY JETTISONS PAPERWORK, film, tape, 


022-01 
022-02 
022-03 
5022-04 
3022-05 
022-06 





MINNESOTA MINING & MANUFACTURING CO., AC & S$ DIV., AD P 309 
900 Bosh Ave., St. Pewl 6, Minn. 
5022-01  Pressure-Sensitive Tape; applications (Cat. P-44IMR-Z, 52 pp.) 
5022-02  Adhesives-Coatings & Sealers; General properties (Cat. Z-ABD, 8 pp.) 
5022-03 SCOTCH-WELD Structural Adhesives, data sheets (Cat. Z-SAM) 


MINNESOTA RUBBER CO., AD P 538 

Minneapolis 16, Minn. 
5031-01 Rubber Parts, O-Rings, QUAD-RINGS(MR Facts For Filing) 
MOLDED FIBER GLASS COMPANIES, AD P 157 .... 4623 Benefit Ave., Ashtabsle, Ohie 
5049-01 Fiber Glass Reinforced Plastics: Gen. summary & tech. data (Brochure, 32 pp.) 


MONSANTO CHEMICAL CO., PLASTICS DIV., AD P 146-147 
Springfield 2, Mass. 
Monsanto Plastics: Properties and Application Data (Fact File) 
ULTRON: Information on vinyl film & sheeting (Bul. TSB 2923) 
RESINOX High temperature resistance resins (Tech. Info.) 
“Designing With Vinyi’’--characteristics, properties and uses. 
LUSTREX Styrene-Molding materials (Data Sheet, 3042) 
LUSTRAN - Technical & application information, new molding & extruding material. 


5706-01 
5706-02 
5706-03 
5706-04 
5076-05 
5076-06 
MOORE CORP., IRVING B., AD P 574 65 High St., Boston, Mass. 
MOORE, INC., GEORGE W., AD P 392 92 Beaver St., Waltham 54, Mass 
5085-01 Set Screws: Headless, Square, Socket, Price Catalog with sizes 


MORGANITE INC., AD P 122 33-12 48th Ave., Long Island City 1, N.Y. 
5103-01 Carbon Specialties: Bearings, contacts, brushes, etc. (Bul., 12 pp.) 
5103-02 Molded Carbon Seals and Rings; Carbon Specialties (Bul., 6 pp.) 


MOXNESS PRODUCTS, INC., AD P 126 1914 Indiane St., Recine, Wisc. 
5139-01 Silicone rubber & fluorocarbon parts, complete data (Cat. 50 pp.) 


MUELLER BRASS CO., AD P 177-178 Port Huron, Mich. 
5148-01 Tellurium Copper Special Alloy 799, design data (Bul., 2 pp.) 

5148-02 Manganese Bronze Special Alloy 721, design data (Bul, 2 pp.) 
5148-03 Aluminum Silicon Bronze Special Alloy 802, des. data (Bul., 2 pp.) 
5148-04 Manganese Bronze Special Alloy 241A, design data (Bul., 2 pp. ) 
5148-05 Forgings: brass, bronze, aluminum; design daa (Cat. 3018, 32 pp.) 
5148-06 Brass, Bronze, Copper, Aluminum prdts., tecn. data (Cat. 3017, 20 pp.) 
5148-07 Copper Base Alloys, rod form, gen. & tech. data (Cat. 3010, 24 pp.) 
5148-08 COLD-PREST impact Extrusions, gen. & tech. data (Cat. 3019, 12 pp.) 
5148-09 TUF-S TUF (aluminum bronze alloys) applications & data (Cat. 7 pp. ) 
5148-10 Screw Machine Products: brass, oronze, alum. (Cat. 58563, 6 pp.) 
5148-11 600 Series Bearing Alloys, desc. & tech. data (Cat. 3000, 20 pp.) 
5148-13 Sintered Metal Products, general description (Ad. 339, 2 pp.) 


NATIONAL BAND & TAG CO., AD P 510 721 York Street, Newport, Xentucky 
5175-01 Electrical Circuit identification. Metal Tags: styles & prices (Bul. 4 pp.) 


NATIONAL BROACH & MACHINE CO., AD P 249 ... 5600 St. Jeon, Detroit 13, Mich. 
5179-01 Developments in Gear Tooth Honing (Bulletin H60-6, 4 pp.) 

5179-02 Progress in Gear Inspection (Bulletin C60-8, 4 pp.) 

5173-03 Cut Broaching Costs (Bulletin B60-A, 12 pp.) 

5179-04 Essentials of Gear Shaving (Bulletin 5-60-18, 16 pp.) 

5179-05 Gear and Spline Grinders (Bulletin G52-5, 8 pp.) 

5179-06  Unitized Broaching Fixtures (Bulletin 860-1, 12 pp.) 


NATIONAL MACHINE PRODUCTS CO., ADP 392... Utice Rd., Utica, Mich. 
5206-01 Nuts-F errous and Non-Ferrous: Hex., Square, and 12-pt. (Condensed Cat., 16 pp.) 


NATIONAL RADIO CO., INC., SUBS. OF NATIONAL COMPANY, INC., AD P 39! 
37 Washington St., Melrose 76, Mass. 

5208-01 Knobs & Captive Nuts--Des. data (Bulls. 59-38 & 58-2SLa) 
NATIONAL SEAL DIV., FEDERAL-MOGUL-BOWER BEARINGS, INC., AD P 3rd cov. 

Redwood City, Calif. 
National Oi! Seals-Specifications (Cat. SE, 4 pp.) 
National Oil Seals-Specifications, sizes available (Cat. 58, 100 pp.) 
National O-Rings-Specifications, sizes available (Cat. 204, 36 pp. 


5215-01 
5215-02 
5215-03 
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KARL A. NEISE, INC., AD P 50, 349 408 Park Avenwe South, New York, N.Y. 
5256-01 SCHNORR Disc Springs-complete Des. Engrg. Specs. (Cat. Sm, 40 pp.) 

5256-02 HELIOS Measuring instruments- Height, Depth, Width Gages (Cat. 12 pp.) 


NELSON STUD WELDING, DIV. OF GREGORY INDUSTRIES, INC., AD P 374 
Dept. 20, Lorein, Ohio 

Stud Welding Design Manual--specifications and types 

Automatic Stud Welding - production unit 

Aluminum Stud Welding - basic information 

Production Costs-reversing the trend with stud welding 


5265-01 
5265-02 
5265-03 
5265-04 


NEW DEPARTURE DIV. OF GMC, AD P 224 269 Ne. Main $t., Bristol, Conn. 
5270-01 Miniature/instrument Bal? Bearings (Cat. M/! 48 pp.) 

5270-02 Aircraft Ball Bearings (Cat. ABC, 16 pp.) 

5270-03 Farm implement Bali Bearings (Cat. FIC, 26 pp.) 

5270-04 Conveyor Ball Bearings (Bulletin CB, 4 pp.) 

5270-05 Pulleys, Flat and V Belt (Bulletin PA, 4 pp.) 

5270-06 Adapter Ball Bearings (Bulletin TE, 4 pp.) 


NEW HAMPSHIRE BALL BEARINGS, INC., AD P 295 Peterborough, N.H. 
5274-01 Design & Purchasing Manual - 370 miniature & instrument Bal! Bearings 


NEW JERSEY ZINC CO., THE, AD P 179 160 Front St., New York 38, N.Y. 
5278-01 Die Castings, Zinc--The End Uses of Zinc Die Castings. 

5278-02 Metal Powders--Designing for Pressed Brass & Nickel! Silver, Powder Meta! Parts. 
NEWARK WIRE CLOTH CO., AD P 328-329 351 Verona Ave., Nework 4, NJ. 
NICHOLSON & CO., W. H., AD P 343 12 Oregon St., Wilkes-Borre, Po. 
5310-01 Floats - Stainiess Stee!, Monel, or Stee! (Catalog 753) 

5310-02 Thermostatic Steam Traps: Complete Engineering Data (Catalogs 40 & 500 


NORDSON CORP., AD P 188 Amherst, Ohio 
5324-01 Spray Gun, general information on airless spray system (Cat. 3 pp 
5324-02 Spray Gun, data on airless Versa-gun & advantages (Cat. 8 pp 


NORTHERN ORDNANCE INC., SUBSIDIARY OF NORTHERN PUMP CO., AD P 576 
Columbia Hgts. P.0., Minn. 21, Minn. 
5337-01 Rotary Gear Pumps—selection tables~dimensions (Bull. 43, 4 pp.) 
NORTON CO., REFRACTORIES DIV., ADP 135 .... Worcester 6, Moss. 
5346-01 Refractory Grain Properties and Applications (Cat. 1741, 24 pp.) 


OHIO CARBON CO., THE, AD P 506 12508 Beree Rd., Cleveland 11, Ohic 
5386-01 KARAK carbon-graphite, descrip. & data (Cat. 1164A, 6 pp.) 


OHIO KNIFE CO., THE, AD P 29% Dept. 123B, Cincinnati 23, Ohic 
5400-01 0-KNI-CO Hardened Ways & Wear Plates, complete data (Builetin A, 16 pp.) 


OHIO NUT & BOLT CO., THE, AD P 396 4) First Ave., Berea, Ohio 
5409-01 Weld Nuts, Screws, Brackets, Pins (Cat. 60, 44 pp.) 

5408-02 Spotweld Fasteners (Complete Data Bulletin $95, 6 pp.) 

5409-03 Weld Screws (Cat. 60, 44 pp.), Levelers (Bul. 602, 6 pp.) 


OHIO PRECISION CASTINGS, INC., AD P 193 P.O. Box 55, Station “A”, Dayton 3, Obie 
5411-01 Plaster Mold Castings—Aluminum, beryllium copper, brass, bronze (Brochure, 16 pp.) 


OHIO RUBBER CO., THE, AD P 116 Villowghby, Ohio 
5418-01 Rubber Products: Complete Design Data (ORCO Bulletin 715, 8 pp.) 


ORANGE ROLLER BEARING CO., INC.,AD P 339 .. 558 Mein S., Orange, NJ. 
5490-01 Roller Bearings, complete line Engrg. Data(Cat. M-59, 48 pp.) 


OZALID DIVISION, GENERAL ANILINE & FILM CORP., AD P 41 

Ansce Read, Johnson City, H.Y. 
Drafting materials, instruments, machines, boards (Cat. SP-60-22, 40 pp.) 
Whiteprint machines, papers, techniques, systems (Bkit SP-60-62, 12 pp.) 
Convience copier, completely automatic (Folder SP-61-15, 6 pp.) 
Diazo sensitized papers, film, cloth, properties (Cat. SP-60-06, 28 pp.) 
Whiteprinter, 42” capacity, 75 fpm, new benefits (Flier SP-60-73, 2 pp.) 


5501-01 
5501-02 
5501-03 
5501-04 
5501-05 


PALNUT CO., THE, DIV UNITED-CARR FASTENER CORP., AD P 388 
65-A Glen Roed, Mountainside, N.J. 
Lock Nuts, self-locking, spring steel (Cat. 592-A, 24 pp.) 
Self-threading Nuts, form threads on plain studs, rods (Cat. 585, 8 pp.) 
Pushnut Fasteners, push on plain studs, rods. (Assorted bulletins) 


5508-01 
5508-02 
5508-03 


PARAGON REVOLUTE See BRUNING CO., INC., CHARLES 


PARKER-KALON, AD P 393 
5555-01 
5555-02 
5555-03 
5555-04 


1 Peekay Drive, Clifton, NJ. 
How Good Are Tapping Screws You Buy? (inspection Guide, TP 101, 8 pp.) 
How To Use Tapping Screws, Application Data (Cat. 4808, 24 pp.) 

P-K Socket Screws with Long-Lok Inserts Tech. Date (Cat. 862, 6pp.) 
W-Point Socket Set Screws (Data on greater holding power, 4 pp.) 
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PARKER SEAL CO., AD P 535 10567 Jefferson Bivd., Culver City, Celif. 
5564-01 Catalog and Engrg. Data on GASK-O-SEALS for ASA flanges. 

5564-02 Catalog and Engrg. Data on GASK-O-SEALS for ASA flanges. 

54-03 O-ting Handbook, covering engineering and applications. 

5564-04 Fastener seals, catalog and Eng. info., STAT-O-SEALS. 

5564-05 Catalogs, on GASK-0-SEALS, O-rings, STRIP-O-SEAL. 

5564-06 Catalog and information on Back-up rings, etc. 

5564-07 Engineering information and other data on back-up rings. 


PATENT BUTTON CO. OF TENN. INC., AD P 156 Knoxville, Tenn. 
5567-01 Injection, Compression, Plunget-type custom molding (write for quotation) 


PEERLESS ELECTRIC DIV., H.K. PORTER CO., INC., AD P 442 

W. Market St., Warren, Ohio 
§594-01 
5594-02 
5594-03 


Torque Motors (Bulletin T-1) 
SPACESAVER Motors (Bulletin SP-1) 
Special and Standard Motors (Bul. SDA-155, 16 pp.) 


PENN ENG. & MFG. CORP., AD P 383 

5607-01 PEM Template Drill Bushings-Des,, Eng. Specs. (Cat. DB-357 16 pp.) 
5607-02 PEM Weld Fasteners-Des. & Eng. Specs. (Cat. WN-1158 4 pp.) 
5607-03 PEM All-Metal Self-Locking Nuts-Des., Specs. (Cat. SL-259 4 pp.) 
5607-04 PEM Flush Fasteners-Des., Eng. Specs. (Cat. FH-760 4 pp.) 

5607-05 PEM Self-Clinching Fasteners-Des., Specs. (Cat.CL-761 16 pp.) 
5607-06 PEM Self-Clinching Spline Fasteners-Des,, Specs. (Cat. KF-159 4 pp.) 


PERFECTING SERVICE CO., AD P 32 332 Atendo Ave., Chorlotte 6, N.C. 
5622-01 jniversal Air Control Equipment-Full line (Bul. 80, 12 pp.) 
5622-02 PUSHOMATIC Quick Couplings (Bul. 1475, 1500, 1200) 


PERFORATING INDUSTRIES, INC., AD P 192 


5638-01 Perforating: 76 patterns, non-metallic materials (Cat. 6 


606 Commerce Rd., Linden, NJ. 
0, 24 pp.) 


PERIFLEX, INC., AD P 587 111 E. Ten Mile Pd., Hazel Pack, Mich. 
5640-01 Packings, V-ting sets, special lip action (Catalog) 

5640-02 Packings, molded fabric inserted (Catalog) 

5640-03 Packings, Homogeneous, cups, flanges et 
5640-4 aphragms, small, production lots, fabric inserted (Catalog) 


stalog) 


PERKINS MACHINE & GEAR CO., AD P 269 West Springfield, Mass 
5642-01 Gear Tooth Calculator, gives pitch, thickness, addendum, depth. 
5642-02 Sears, metallic or nonmetallic: Custom service (Cat. 4 pp.) 
5642-03 Gears, Sp#al Bevel & Hypoid Gear: standards listed (Cat. 4 pp.) 
5642-04 Spring Coiler: descriptions & feature of models (Cat. 4 pp.) 


PHILADELPHIA GEAR CORPORATION, AD P 255. 
IN-LINE Speed Reducers (Cat. R-60) 
5652-02 GearMotoRs (Cat. G.M.-60) 


King of Prussia, Pa. 


6259.01 
652-01 


PHOENIX PRODUCTS CO., AD P 196 4757 North 27th St., Milwaukee 9, Wis. 


5679-01 PHEONIXSPUN metalforming( Brochure) 
PITTSBURGH PLATE GLASS CO., FIBER GLASS DIV., AD P 130 
Pittsburgh 22, Pa. 


PITTSBURGH STEEL CO., AD P 81-84 P.O. Box 118, Pittsbergh 30, Po. 
5706-01 Manufacturers Wire & Fine Wire Specialties Handbook (120 pp.) 
2 Thomas Strip Steel, precoated - specs., samples (PSL-117, 16 pp.) 
PITT-TEN high strength structural sheet (PSL-132, 4 pp.) 
All Products - specs., dimensions entire line, (PSL-115, 4 pp.) 


PLAN HOLD CORP., AD P 56 


al and Roll F 


5204 Chekemce St., South Gete, Colif. 


- Verti adinet dels (Cat. 1061, ® pp.) 


2100 Hyde Pork Bivd., Los Angeles 47, Cel. 


PLASTIC & RUBBER PRODUCTS CO., ADP 312... 
19-01 -Rings--Technical Data Reference Log (Cat. LSR1A, 16 pp.) 


5719-02 -Rings--Complete Gland Dimensiona! Data (Desk and Wal! Chart) 
5719-93 .0-Rings--Dimensional Slide Chart 
5719-04 0-Rings--Des. Engrg. Specs. (Cat. 525A, 48 pp.) 


PLASTIC & RUBBER PRODUCTS CO., FLUOROCARBON DIV., AD P 313 

2100 Hyde Park Bivd., Los Angeles 47, Cal. 
LON: Standard Parts Catalog (Cat. 750 - 22 pp.) 
571%0 TEFLON: Back-up Ring Size Catalog (Cat 


5719-01 TEF 


151 ~ 8 pp.) 


POLLAK CORP., JOSEPH, AD P 509 79-95 Freeport St., Boston 22, Moss. 


5733 lenoids & Relays, data on both products (Cat. 34 pp.) 


POTTER & BRUMFIELD DIV., AMERICAN MACHINE & FOUNDRY CO., AD P 477 
Princeton, Ind. 
Relays, Electro-magnetic: Engineering Specs. (Cat. 60, 16 pp.) 
Relays, Electro-magnetic: U/L listed. Specs. (Bul. LOOAY, 4 pp.) 
Relays, Electro-magnetic: Std. models, prices (Cat. 100., 8 pp.) 
Relays, Telephone-type: Engineering Specs. (Wall Chart) 


..-OF MANUFACTURERS’ FREE LITERATURE 
PRECISION EXTRUSIONS, INC., AD P 98 720 E. Green Ave., Bensenville, Ill. 
5823-01 Extruded Aluminum Shapes-Endless Variety (Bulletin 6191) 


PRECISION RUBBER PRODUCTS CORP., AD P 554 Dept. 3, Ockridge Dr., Deyton 17, Ohio 
5841-01  0-Rings, properties, applic. & sizes (Handbook, 96 pp.) 
5841-0: Face-To-Face, Bolt & Rivet Head Seal (Booklet, 8 pp.) 
5841-03 0-Rings (Cat. 6 pp.)}-data on VITON & silicone O-Rings 


PROTECTIVE CLOSURES CO., INC., AD P 307 2207 Elmwood Ave. Buffalo 23, N.Y. 
589-01 CAPLUGS (Fact File, Price Sheets, Samples) Complete Line, 600 sizes, 12 std. designs. 


RCA, ELECTRON TUBE DIV. .................... 415 So. Fifth St., Herrison, NJ. 
5918-01 PANELRAY-Electroluminescent (EL) Panels.(Tech. Data Sheet PHG 6-61, 2 pp.) 


RAYTHEON CO., INDUSTRIAL COMPONENTS DIV., AD P 512 

55 Chapel St., Newton, Mess. 
5934-01 Control Knobs and Mechanical Components, (Cat. 1016, 4 pp.) 
RECORDAK C ORP., SUBSIDIARY OF EASTMAN KODAK CO., AD P 5! 

415 Medison Ave., Mew York 17, HY 

RECORDAK Engineering Drawing Program, Comprehensive system(Cat. A-77D, 8 pp.) 
RECORDAK Case Study: “Records & Drawings On Microfilm.""(4 pp.) 
RECORDAK CASE STUD Y: Microfilming At Detroit Edison.(4 pp.) 
RECORDAK Micro-F ile Machine - up to 40 exposures per min.(Data Sheet) 
RECORDAK 35 mm. Micro-Film Reader - original size & larger (Data Sheet) 


5937-01 
5937-02 
5937-03 
5937-04 
5937-05 


REED INSTRUMENT BEARING CO., DIV. SKF INDUSTRIES, INC., AD P 326-327 

Front St. & Erie Ave., Philedelphic, Po. 
5939-01 REED Miniature instrument Bearings: Full encineering data. (Cat. 485, 12 pp.). 
REICHERT FLOAT & MANUFACTURING CO., THE, AD P 193 
2242 Smead Ave., Toledo 6, Ohio 


5954-01 Stampings: Deep-drawn, light, heavy, special. Floats. (8ul., 


RENBRANDT, INC., AD P 274. 
5971-01 Miniature size Flexible Couplings witt 


6-J Parmelee St., Boston 18, Mass. 


xcklash (8 pp.) 


REPUBLIC MANUFACTURING CO., AD P 586 


15655 Brookpark Pd., Cleveland 35, Ohio 
5985-01 REPUBLIC Vaives-Complete Des. Engrg 16 9D.) 


ecificat t. 654 


REPUBLIC RUBBER DIV., LEE RUBBER & TIRE CORP., AD P 154 

Youngstown |, Ohio 
Molded Rubber and Extruded Plastic Parts (Folder DM-606) 
Rubber Hose: Air, Water, Steam (Catalog DM-5910) 


5990-01 
5990-02 


REPUBLIC STEEL CORP., AD P 74-75 Clevelond |, Ohio 
5994-01 Family of 5 Grades, Cold-Finished, Stress-Relieved Steel Bars (Cat. , 
5994-02 Description of Vacuum Melted Alloy Steels (Cat., Adv. 1128) 
5994-03 Specifications, Advantages of Weld Nuts (Cat., Adv. 1194) 
5994-04 Electro Zinc-Plated Steel, Spangle Free Surface (Cat., Adv. 1226 
5994-05 300 Series Chrome-Nickel Stainless (Cat., Adv. 1124) 

5994-06 400 Series Chromium Types-Stainiess (Cat., Adv. 1125) 

5994-07 Properties: Precipitation Hardenable Stainless (Cat., Adv. 1223) 
5994-08 Titanium: Grades and Properties (Cat., Adv. 904) 

5994-09 Carbon and Stainless Steel Pressure Tubing (Cat., SPE-61) 
5994-10 Applications and Specs on SRK Plastic Pipe (Cat., Adv. 965 
5994-11  “Galvanealed” Zinc Coated Sheets (Cat., Adv. 56) 


REULAND ELECTRIC CO., AD P 422 3001 W. Mission Rd., Alhombre, Clif. 
6021-01 General Full-Line Motor Catalog (Cat. #GS®-30-0, 8 pp. ) 

6021-02 Fiuid Shaft Electric Motors and Motoreducer (Sul. FS-25-7, 2 pp.) 

6021-03 Magnetic Brake (Bul. Al000-20-61, 7 

6021-04 intermediate H. P. Ratings for Motors (Reprint, ? pp.) 

6021-05  Close-Coupied Pump-Motor (Reprint, 2 pp.) 

6021-06 Wound Rotor Motor Brochure (Bul. WRN-25-61, 6 pp.) 


RICHMONT, INC., AD P 395 922 So. Myrtle Ave., Monrovie, Calif. 
6080-01 Torsion Bar Torque Analyzer: Portable & bench models (Data Sheet 1650) 
6080-02 TORQ-STOP Wrenches: Adjustable, interchangeable heads (Data Sheet L TC) 
6080-03 New MODEL F Torque Wrench. 16 types. Low Prices: (Data Sheet F, 2 pp.) 
6080-04  Torque-limiting Screwdrivers. Two types-ful! range (Data Sheet TT) 

6080-05 Torque Testers: Four Models test hand & power tools (Four Data Sheets 


RIVERSIDE-ALLOY METAL DIV., H.K. PORTER CO., INC., AD P 318 

Riverside, HJ. 
6089-01 
6089-02 
6089-03 
6089-04 


Copper-base Alloys (Cat. A-10, 4 pp.) 

Nickel Alloys: Wire, rod and strip (Cat. N-10, 38 pp.) 

Phosphor Bronze: FLEXOGRAIN and RIVERSIDE (Cat. C-30, 20 pp.) 
Stainless Steel: Design Handbook (Cat. S-10, 36 pp.) 
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ROBBINS & MYERS, INC., AD P 423, 435, 551 


6102-01 
6102-02 
6102-03 


ROBERTSHAW-THERMOSTAT DIV., ROBERTSHAW-FUL TON CONTROLS CO., 


6111-01 


DESIGN ENGINEERS’ PRODUCT CATALOG INDEX 
Springfield, Ohio 
100 through 1/3 fhp. (Bul. 445, & pp.) 
Integral Horsepower Motors - 254-U and larger. Ratings to 200 hp. (Bul. 520, 8 pp 
MOYNO Pumps for water-like liquids to abrasive slurries 

To spray insecticides, aromatic solvents, wettable powders (Bul. 150.1, 2 pp.) 

Six sizes. .. capacities to 360 GPH—pressures to 40 PS! (Bul. 150.2, 2 pp.) 
Compact Motor-Pump units for low Capacities, low pressures (Bul. .150.3, 2 pp.) 
Capacities to 3000 GPH . . . pressures to 359 PSIG (Bul. 150.4 4 pp.) 
Compact Motor-Pump Units for coolant applications (Bul. 180.5, 2 pp.) 
For less severe applications to 3000 GPH ...to 350 PSIG (Bul. 150.6, 4 pp.) 
Complete Motor-Pump Units... to 26 GPW... to 350 PS! (Bul. 150.7, 4 pp.) 


Fractional Horsepower Motors - | 


AD P 443 
Youngwood, Pe. 
Gas Thermostat: Snap-Throttie (2 in 1) action, dual valve response (Booklet RT-886) 


ROCKFORD CLUTCH DIV., BORG-WARNER CORP., AD P 222 


6115-01 
6115-02 
6115-03 
6115-04 
6115-05 
6115-06 


ROCKWELL PRODUCTS CORP., AD P 390 


ROLLWAY BEARING CO., INC., AD P 302 


6206-01 
6206-02 
620-03 
6206-04 
6206-05 
6206-06 


ROSAEN FILTER CO., THE, ADP 548............ 


6215-01 


ROSAN, 
6219-01 
6219-02 
6219-03 
6219-04 
6219-05 
6219-06 


ROTIFORM CO., AD P 46 


6232-01 


RUSSELL, BURDSALL & WARD BOLT & NUT CO., 


6255-01 
6255-02 
6255-03 
6255-04 
6255-05 
6255-06 


RUTHMAN MACHINERY CO., AD P 580 


6264-01 


INC., AD P 379 


1229 Windsor Rood, Rockford, Ill. 
Spring-Loaded Clutches--Complete Engineering Specs. (Brochure, 8 pp.) 
Over-Center Clutches—Complete Engineering Specs. (Brochure, 8 pp.) 
Pulimore Clutches-Multiple-Disc. Engrg. Specs. (Form 1239, 12 pp.) 
Hydraulic Clutches—Power Shift. Engineering Specs. (Form 1405, 2 pp.) 
Speed Reducers and Power Take-Offs—Engrg. Specs. (Brochure, 8 pp.) 
Rockford Torque Converters--New--Engineering Specs. Complete line. 


146 Central Ave., Dept G, Newerk 3, kJ. 


541 Seymour St., Syracuse, N.Y. 
Roliway Radial and Thrust Bearings: Full line (Cat. PL-559) 

Rollway Precision Radial Roller Bearings (Cat. PR 456-DC) 

Rollway Precision Thrust Roller Bearings (Cat. PT-659) 

Roliway inch & Metric Bearings (Cat. SC-958) 

Rollway TRU-ROL low cost Prec. Roller Bearings (Cat. TR-854-DC) 
Rollway AIR-ROL Precision Aircraft Roller Bearings (Cat. AR-159) 


1776 E. Gori Rd., Hezel Perk, Mich. 


TELL TALE Filters: Suction, pressure, dimensions, flow curves (Catalog, 24 pp.) 


Press Bolts (Form R-400-401) 
Quick Repair Manual (Booklet R-542 
Press Nuts (Data R-448) 

Request General Catalog (PLR-50 
19 Yrs. R&D Speciality Fastener 
SLIMSERT Insert (Data R-536) 


i Colorado Ave., Sante Mesten, Celif. 
Torquemeter has range adjust-no shaft contact-65000 ry at. 601, 2 pp 


AD P 380 
Port Chester, New York 
Standard Fasteners, application data (Broct 16 pp.) 
Delrin Plugs, desc. & data (Cat. 2 pp.) 
Plastic Parts, prec. custom inj 
TENSILOCK Fasteners and relatec pr 
Sintered P iption & cata (Bu 


High Strength Bolts: “How To 


molding 


foducts, descr 


1818 Recding Rd., Cincinneti, Ohic 


Gusher Coolant Pumps, description & data (Condensed Cat., 16 


SBB (SPLIT BALLBEARING DIV. OF MPB, INC.), AD P 306, 341 


SKF MIDUSTRIES, INC., 


6273-0 
prepa 
6273-03 


SAGINAW STEERING GEAR DIV., G.M.C., AD P 241 
Ball Bearing Screws and Splines: Engineering 


6286-01 


SANDUSKY FOUNDRY & MACHINE CO., AD P 184.. 


6300-01 


SANDVIK STEEL, INC. (SPRING DEPT.), AD P 330 


6309-01 
6309-02 


SCHATZ MANUFACTURING CO., THE 
Bal! Bearings—"specs” on C 


6323-01 


Lebonon, New Hampshire 
(Cat, 59-A) 


Cat. 102) 


100, 200, 300 (Cat. HDR-60) 


Thin Section Precision Ball Bearings 
ALINABAL Rod Ends and Spherical Bearings 
High Capacity Ball Bearings: Metric series OC 
AD P 326-327 ... 

Ball & Roller Bearings; Pillow BSiocks. Complete Design 
Aero/Space Bearing Applications 
ATLAS Balls: Complete Design Data. 


Front St. & Erie Ave., Philedelphica, Po. 
Details (Cat. 425, 336 pp.) 
(Cat. 461, 43 pp.) 

(Cat, 494, 


Selection Data 
Glossar, of Definitions. 16 pp.) 
Seginew, Mich. 

Design Guide (28 pp.) 


Sendusky, Ohio 
Centrifugally Cast Cylinders: Alloys, sizes, specs. (Bul. 500, 28 pp.) 

1702 Nevins Rd., Foir Lown, WJ. 
formation (16 pp.) 


tainiess Strip (6 pp.) 


Sanvik Power Springs - Design Applicatior 


Sandvik Cold Rolled Spring Steels - Alloy % 


Poughkeepsie, N.Y. 
OMMERCIAL anc FUNCTIONAL PRECISION types (Cat. 


2, 36 pp.) 
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2901 West Coast Hwy. , Newport Beech, Calif. 


-OF MANUFACTURERS’ FREE LITERATURE 
SCULLY-JONES AND CO., AD P 232 1928 South Rockwell St., Chicago 8, Ill. 
6381-01 TYCHOWAY Recirculating Roller Way Sear ylietin 22-50, 4 

6381-02 SUPER-CISION Recirculating Ball Screw etin 75-50, 2 p 


SEL-REX CORP., ADP 91 

6394-01 Rhodium Electroplating Process: des., 
6394-02 TEMPEREX HD - Gold Electroplate, ¢ 
6394-03 KARATCLAD - Gold Plating, properties & applications (Bul, 46A 
6394-04 ‘“Piatinum-ized” Titanium Mesh Anodes, data (Bul. F 1, 3 pp 
6394-05 Precious Meta! Data Chart (slide rule) 


6394-06 Gold Plating: data, graphs & tables (“Bright Gold Plating’, 8 


75 River Rd., Netley 10, WJ. 
3 & applications (Cat. 20 
es & data (Bul. 17587, 4 pp.) 


SET SCREW & MFG. CO., ADP 395...... : Bortlett, Ili. 
6435-01 Socket Screw Products & Set Screws, tech. data (Cat. 23, 25 pr 


SIER-BATH GEAR & PUMP CO., INC., (GEAR DIV.), AD P 218 
9238-B Hudson Bivd., Morth Bergen, N.J. 
3 to 48 pitch (Bulletin “Gear Errors Are Costly”, 4 pp. 


6471-01 Precission Gears -to 48” 0.D., 


SIMMONS FASTENER CORP., AD P 376 New York 
6498-01 Quick-operating FastenersCat. 760, 44 pp.) 
6498-02 Quick-operating Clamp-Lock (Data Sheet) 
6498-03 CAM-BOLT-quick locking, quick release, hig’ 


North Broadway, Albany, 


strength (Data Sheet) 


24 Selisbury St., Worcester, Mass 
d Brakes (6-page, full-line Bulletin 


SIMPLATROL PROPUCTS CORP., AD P 272 
6511-01 SIMPLATROL electric friction CLUTCHES a 


SINKO MANUFACTURING & TOOL CO., ADP 148 .. 7310 W. Wilson Ave., Chicege 31, Ill. 
6516-01 Custom Plastic Molding, facilities data (Cat. 4 pp. & inserts) 


SKINNER ELECTRIC VALVE DIV., SKINNER PRECISION INDUSTRIES, INC., AD P 534 
New Britein, Conn. 

B-Series miniature 3-way solenoid vaives, 15° psi (Cat. 015.1.1 

R Series 2-way piston type solenoid 

Solenoid Hydraulic Valves, shut-off six valve 


6529-01 
6529-02 
6529-03 


valves, * 


SMITH CORP., 0.A., ELECTRIC MOTORS DIV., AD P 424-425 

3533 Mo. 27th St., Milwoukee 1, Wis. 
Fractional Horsepower Motors: 1/3 to 3 hp EW201 
Integral Horsepower Motors- -single-pha 
Pump Motors: Full line for Pump 
Vertical Hollow Shaft Motors (Bul. EM 204 


6534-01 
6534-02 
6534-03 
6534-04 


Aust 
Industry 


SOLON MFG. CO., AD P 349 


6547-01 Bellevil le Springs, complete data on 


32300 S. Miles Rd., Solon 39, Ohie 


SOSS MFG. CO., AD P 346 P.O. Box 38, Detroit 13, Mich, 
6561-01 invisible Hinges: illustrations, specs., design data at. 16, 16 pp 


SOUTHCO DIV., SOUTH CHESTER CORP., ADP 369 260 peewee oe Lester, Pe. 
6570-01 Fasteners: Quick-access Han 
6570-02 Blind 


Devices, Blind F vets, inser 


(Drive) Rivets installed with a hammer 


SOUTHWEST PRODUCTS CO., AD P 344 1705 Se. Mouvntein Ave., Monrovia, Calif. 
6579-01  Self-aligning MONOBALL and DYF LON Bearings and End Rod at. 551, 60 pp. 
6579-02 PUSH-PULL Controls, Mechanical, 3 typ 


$-P MANUFACTURING CORP., AD P 578 . 30201 Avrora Rd., Cleveland 39, Ohio 
6583-01 S-P Boosters (air-to-oil): Complete Engrg., Design Guide (Cat. 117, 14 pp 
6583-02 S-P Cylinders: 250-2400 psi oil; Design Engrg. Specs. ( 1 

6583-03 S-P Cylinders: 250 psi air; Design Engrg 
SPEED SELECTOR, INC., AD P 262 .............. ?.0. Box 312, Chagrin Fells, Ohic 
6597-01 Variable Pitch Sheaves, description & de tat at. 90, 7 og 

SPRAY ENGINEERING, AD P 572 ................ 


133 Cambridge St., Burlington, Mess. 
6619-01 pp.) 


industrial Spray Nozzles: 1/8 pint to 4000 ga in, (Cat. 30 


SQUARE D CO., AD P 481 
6624-01 
6624-02 
6624-03 


4041 WH. Richards St., Milwowkee 12, Wisc. 
Push Buttons, oi! tight; general information (Bul. S¥-293-F AK, 6 pp 

Motor Starters, general description (Bul. S¥793-MMC, 8 pp.) 

Wiring Diagrams, technical data (Bul. SM-304-MMC2, 40 pp 
STACOR EQUIPMENT CO., AD P 46 285 Emmett St., Newerk 5, N. J. 
6633-01 Drawing, Tracing tables, biveprint files, etc at. GC59, 24 pp.) 


4. $. STAEDTLER, INC., 
6647-01 


ADP a2 25 Dicorolis Court, Hockenseck, NJ. 
MARS-items to improve drafting & reproduction (1961 Cat.-22 pp 


STANDARD ELECTRICAL TOOL CO., THE, PRECISION SPINDLE DIV., AD P 342 
2601 River Rd., Cincinneti 4, Ohic 


6651-01 Spindles, slides & feed mechanism 
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STANDARD. THOMSON CORP 154 Grove St., Waltham 54, Mess. 

6682-01 Bellows & Devices for temp. control, seals, valves (Data Sheets) 

6682-02 Thermal type: fast response to temp. change, compact (Bul. #1) 

6682-03 Electrothermal: miniature; large thrust; long stroke (Data Sheet) 

6682-04 Liquid, vapor & gas filled Bellows & Diaphragm units (Data Sheets) 


STEINEN MFG. CO., WM., IND. NOZZLE DIV., AD P 566 
43 Bruen S., Nework 5, NJ. 
6723-01 industrial: 9 spray patterns (Cat. 59, 29 pp.) 
STEPHENS-ADAMSON MFG. CO., SEALMASTER DIV., AD P 347 
Ridgeway Ave., Avrora, Ill. 
1 Ends & Links (Bul., 560) 
ty, low cost units (Bul., 359) 


PHERCO Bearings: Spherical Bearings, R 


EALMASTER Bearings: “*L"* Series, qua 
STERLING ELECTRIC MOTORS, INC., AD P 449 . 5401 Telegraph Rd., Los Angeles 22, Calif. 
6735-01 Brake Motors: Sterling Variable Speed Drives & Gear \’ tors (Catalog) 

6735-02 Lubrication Free Variable Speed Drives (Cat slog) 

6735-03 Sterling 4elical & Right Angle Gear Motors (Catalog) 

6735-04 Motor Reducers: Available To Mount In Any Position (Catalog) 

6735-05  Lube-Free Fractional Variable Speed Drives (Catalog) 

6735-06 = Integral Hp, Motors: Available in 4 to 200 HP - Drip-Proof & TEFC (Catalog) 


STEVENS MANUFACTURING CO., INC., ADP 483... Mansfield, Ohic 
6741-01 Thermostats: Applications, descriptions, temp. conversion chart (Bul. 8400, 4 pp.) 


D. M. STEWARD MFG. CO., AD P35 ........ 


6745-01 


3613 Jerome Ave., Chattencogs, Tenn. 


Barium Ferrite Permanent Magnets-variety of shapes (Bul. 90) 


STEWART CORP., F. W., AD P 271 


6760.01 


4311-13 Revenswood Aye., Chicago 13, Ill. 
Adapters - “Circle Ess” 
Flexible Shaft Assemblies ‘’Circle Ess” 
6750-03 Flexible Shafting Controls Circle Ess” 

150-04 Flexible Shaft Mechanical Couplings “*( 


6750-05 Flexible Shafts “Circle Ess’ 


Dual Drive, Rt. Angle, Etc. 


e709 


STEWART-WARNER CORP., ALEMITE DiV., AD P 549, 581 
1826-52 Diversey Pkwy., Chicago 14, lll. 
**duilt-in’’ measured lubrication (Cat. 34-28, 36 pp.) 
UMATIC Type | - des. of central lubrication system (Cat. 34-18, 16 pp.) 
6768-03 ACUMATIC Type 2 - automatic lubricating system (Cat. 34-20, 16 pp. 
6768-04 Alemite Oil-Mist Automatic Lubricating Systems (Cat. 37-10, 20 pp.) 
6768-05 Alemite Lubricating Fittings, description & data (Cat. 38-23) 
6768-06 Hydraulic Hose & Tube Connection C omponents (Cat. 40-36, 12 pp. 
6768-07 Surge “Shur-lock” re-usable coupling, hose & hose assemblies(Cat. 40-25, 28 pp.) 


6768-01  ACUMITE for 


, r ‘ 
68-02 \ 


STOCKER & YALF, INC., ADP S14. 46 Green St., Morblehead, Mess. 


tot OEW, Production, ection A tan 


sveree RUBBER CO., INC., AD P 134 
Silicone Mod ified Ru bber Parts (Cat 


vu fied R (Cat 
Hie joDer a 


10792 Knott Ave., Anaheim, Colif. 


STRATAPLO p PRESECTS, ¢ ine AD P 572. 4939 So. Lafayette St., Fort Wayne, Ind. 
} $-Br @ for increased pump eff Tf fe 160, 6 pp. 


cy U 


“piece body, Navy a ved bronze (Bul. 166, 6 pp 


trainers (Bul, $-56) 


STRUCTURLITE PLASTICS CORPORATION, AD P 158 
Hebron, Ohio 
einforced Plast: " molding data 6 pp. 


SUNDSTRAND HYDRAULICS DIV. OF SUNSTRAND CORP., AD P 553 
2210 Harrison Ave., Rockford, Ill. 
aives: Complete Engrg. Data on Multiple-Section Vaives. (Bulletin, 4 pp.) 
TO-ROLL Pumps: Low pressure, low cost. Repose Design Data. (Bulletin, 4 pp. ) 
Rotary Oil Pumps. Design specificatior 3 drawings. (Bulletin, 2 pp.) 
pp CAREER PRODUCTS, INC., AD P 492 we George Ave., Clevelend 3, Ohio 
Slip Ring Assemblies, brush holders, brus ntact aya at. SR-1, 14 pp.) 


Brushes for integral hp. motors & generato at. 6-0, 32 pp.). 


Saas. 0? ah 


vA we CORP., AD P 513 
amps: Over 100,000 co 
335-0 tandard 


4607 Alger St., Los Angeles 39, Calif. 
mbinations (Engineerin ng Design Manual, No. 212G) 
instrument Cases: 120 basic type izes. (Des Manua , 401G 
TECHNOLOGY INSTRUMENT CORP., AD P 273 
6961-01 Precision Electronic instruments and Comp 


533 Mein St, Acton, Moss. 


nents (Bul., 4 pp.) 
TEXAS INSTRUMENTS INC., METALS & CONTROLS DIV., AD P 92-93 

M4 Forest St., Attleboro, Mass. 
7002-01 #YRUFLEX Thermostat Metals, Parts, Assemblies - (Cat. 10-15, 60 pp.) 
7002-02 MULTILAYER Platinum-clad Metals- (Cat. 10-16, 35 pp.) 
7002-03 MULTILAYER Electrical Contacts- (Cat. 10-19, 22 pp.) 
7002-04 MULTILAYER Clad Metals. Complete lines-(Bul. GP-1, 16 pp.) 
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7002-05 
7002-06 
7002-07 
7002-08 
7002-09 


THERMO-CHEM CORP., AD P 153 


7013-01 


THERM-O-DISC, INC., ADP 508 ................ “s 


7015-01 


THIOKOL CHEMICAL CORP., AD P 128-129 


7020-01 
7020-02 
7020-03 


THOMSON-BREMER & CO., AD P 395 


THOMSON INDUSTRIES, INC., AD P 331, 333 


TINNERMAN PRODUCTS, INC., AD P 377 


7051-01 
7051-02 


E. H. TITCHENER & CO., AD P 186 


7058-01 


7058-02 


TOMKINS-JOHNSON CO., THE, AD P 569 


7074-01 
7074-02 
7074-03 
7074-04 
7074-05 


TORQ ENGINEERED PRODUCTS, INC., AD P 507... 


7092-01 


FREE LITERATURE 


KLIXON Inherent Overheat Motor Protectors-(Cat. 10-6, 66 pp.) 

KLIXON Appliance Thermostats-(Cat. 10-11, 17 pp.) 

KLIXON Precision Thermostats & Thermostat Packages-(Cat. 10-12, 40 pp.) 
KLIXON Commercial & Precision Circuit Breakers-(Cat. 10-10, 34 pp.) 
KLIXON Precision Switches & Switch Packages-(Cat. 10-14, 14 pp.) 


Noeland Ave., Penadel, Po. 

Heat Reflection for Flexible Materials - Through Alumination (4 pp.) 

South Main St. Rd., Mansfield, Ohic 

Comprehensive line of bimetal temperature controls. Speciat short catalog for bulletin 
ordering information (Specification Sheet 10, 1 pp.) 


780 North Clinton Ave., Trenton 7, N.J. 
Flexible sealant for 0.E.M., assemblies (Bulletin |A-190, 8 pp.) 
Oil, solvent resistant rubber (Bulletin CR-4, 22 pp.) 


Liquid urethane casting resin (Bulletin UR-8, & pp. 


Dept. 6137, 228 N. LaSalle St., 
Chicago 1, Ill. 


Dept 11, Manhasset, N.Y. 


Pept. 12D, P.O. Box 6688, Cleve. 1, Ohie 
SPEED NUT Brand Fasteners & Clamps: Full line (Cat. #358, 
Benefits from Engineered Fastening (20 Case Histories, 24 pp.) 


66 Clinton St., Binghamton, N.Y. 
Wire components cost less, improve products (Des. Handbk, 24 pp.) 
Welded wire circuit board holders & nests cost less (Free Data) 


Jackson, Mich. 
at. 54, 96 pp.) 
(Cat. H-47, 24 pp.) 


3, 20 pp.) 
J, <V Dp. 


T-J Air Cylinders: 7 styles; full des. specs. (C 
T-J Hydraulic Cylinders: Complete des. specs 

T-J SQUAIR Head, Interchangeable Air Cylinder. (Cat. SQ- 
T-J High Pressure Hydraulic Square Head Cylinder (Cat. SH-6, 18 pp.) 
T-J SPACEMAKER Air & Hydraulic Cylinders. (Cat. SM-56-3, 126 pp.) 


@ West Monroe St., Bedford, Ohio 
SYNCRO-SNAP speed sensing switches & goverrors (Cat. 250, 4 pp.) 


TORRINGTON CO., BEARING DIV., AD P 298 


7101-01 
7101-02 
7101-03 
7101-04 
7101-05 
7101-06 
7101-07 
7101-08 
7101-09 


TRIANGLE MFG. CO., AD P 336 


7155-01 


TROMBETTA SOLENOID CORP., AD P 488 


7164-01 


TRU-SEAL DIV., FLICK-REEDY CORP., AD P 572 


7182-01 
7204-06 


TUTHILL PUMP CO., AD P 559 . 


7207-01 
7207-02 


Tapered Roller, Cylindrical Roller, Ball Bearings (Cat. “160, 166 pp 
Self-Aligning Spherical Roller Bearings (Cat. 258, 48 pp.) 

Heavy Duty Roller Bearings in Needie Bearing Sizes (Cat. 361, 8 pp.) 
Needle Bearings, Aircraft Bearings, Cam Followers (Cat. 558, 76 pp.) 
Drawn Cup Roller Searings for 4 to 2 in, shafts (Cat. 659, 6 pp 

Needle Thrust Bearings and Thrust Races - Washer Thin (Cat. 759, 6 pp. 
Spherical Roller Bearing Pillow Blocks - 2 & 4 Bolt (Cat. 860, 20 pp.) 
Self-Aligning Bal! Bushings - Industrial and Aircraft (Cat. 961, 6 pg 
Special Metal Parts-Formed, Heat Treated, Precision Ground (Cat., 24 pp.) 
730A Bivictes St. Oshkosh, Wis 
Pillow Block Bearing and Bearing Mountings. iletin PB-360, 8 pp.) 
329 N. Milwaukee St., 
Solenoids & Solenoid Brakes, general information & data (Cat. 88 pp 


Milwaukee, Wisc. 


York Rd., Bensenville, Wt. 
TRU-SEAL Fittings for threaded connections: to 500 F, 3000 psi (B 
UNICLUSED Dripproof Motors-lilus., feat. (F-1856 12 pp. 


7. East 95th St. » Chicoge 19, be 
Rotary positive displacement pumps and ear pumps (Catalog #100 


AV Relief Valves - ne 


TWIM DISC CLUTCH COMPANY, AD P 226 


723%6-01 
7236-02 
7236-03 
7236-04 
7236-05 
7236-06 


UNIFORM TUBES, INC., AD P 80 


7249-01 


UNION CARBIDE PLASTICS CO., 


7258-01 
7258-02 
7258-03 
7258-04 
7258-05 
7258-06 


Universal Joints, Model J Series: desc. & ¢ 

Power-Shift Transmissions: Full range; all o 
Torque Converters, single-stage: description & data (Bul. 510) 
Hydraulic Torque Converters: Gen. infor. & data (Bul. 135-F) 

Fiuic Couplings: description, applications & cata (Bul. 144-E) 
Friction & Fluid Drives: summary of clutch line (Bul. 314) 


ta (Bul. 321) 


Collegeville, Po. 


Seamless ferrous & non-ferrous Tubing (Bul 


ADP 143 
Materials and Data Guide (J-2110, 12 pp.) 
BAKELITE REVIEW (J-2253, 20 pp. 
injection Molding of BAKELITE Polyethylene ( J-2229, 32 pp.) 

Sheet Extrusion and Thermoforming © BAKE LITE Polyetnylene (J-2239, 2 
BAKELITE Liquid Epoxy Resins (J-2214, 12 00.) 

BAKELITE Vinyl Resins For eho and Organosols (J-2148, 24 pp.) 


270 Park Ave., Mew York 17, N. Y. 
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UNION SWITCH & SIGNAL DIV., WESTINGHOUSE AIR BRAKE CO., AD P 496 
Pittsburgh 18, Penasylvenic 

7268-01 §READALL Readout instruments (Bul. 1057) 

UNITED AIRCRAFT PRODUCTS, INC., ADP 576 .. Bex 1035, Dayton, Ohic 

7272-01 United Metallic O-Rings, (Handbook, 32 pp.) 


UNITED ELECTRIC CONTROLS CO., ADP 495 .... 85 School St., Watertown, Mess. 
7290-01 Controls, Temperature-complete Specifications (Cat. 400A). 

7290-02 Controls, Pressure and Vaccuum-complete Specifications (Cat. SO0A). 
7290-03 Recorders, Temperature Control. 

7290-04 Controls, Pressure Telephone Cable. 


U.S. ELECTRICAL MOTORS, INC., AD P 427 
7304-01 
7304-02 
7304-03 
7304-04 
7304-05 


P. 0. Box 2058, Los Angeles 54, Celif. 
Controlled Speed Systems-12 basic, illus. (F-1952 8 pp.) 

VARIDYNE Variable speed syst.-Principle, uses (F 1963 8 pp.) 

U.S. MOTORS Major Lines-tllus., uses, feat. (F-1878 8 pp.) 

VARIDRIVE Variable rpm Motor-iilus., uses (F-1797 16 pp.) 

SYNCROGEAR Gearmotors-lilus., types, feat. (F-1880 16 pp.) 


UNITED STATES GRAPHITE CO., THE, DIV. OF THE WICKES CORP., AD P 182-183 
Seginew, Mich. 

Carbon Brushes for Electrical Machines, complete data (Handbook 8-56, 30 pp.) 

Brush Grade Supplement to Engineering Handbook (8 pp.) 

GRAPHITAR, general information and data (Eng. Bul. 20, 8 pp.) 

GRAMIX, Products from Powder Metallurgy, complete data (Eng. Sul. 21, 8 pp.) 


7312-01 
7312-02 
7312-03 
7312-0 
UNITED STATES STEEL CORP., AD P 88-89 Room 6151, 525 William Pens Pi., 
Pittsbergh 30, Pa. 
7344-01 
7344-02 
7344-03 
7344-04 
7344-05 
7344-06 
7344-07 
7344-08 
7344-09 
7344-10 


USS Viny! Coated Stee! Sheet (Bulletin) 

High Strength Steels (Design Manual) 

USS Quenched & Tempered Structural Shapes (Bulletin) 
Fabrication of USS Stainless Stee! (Bulletin) 

USS 304L with Nitrogen (Bulletin) 

USS 316L Modified (Bulletin) 

The Fabrication & Des. of Structures of T-1 Stee! (Bulletin) 
USS EX-TEN Steel (Bulletin) 

How to Weld USS T-1 Stee! (Bulletin) 

USS TENELON Stainless Stee! (Bulletin) 


UNIVERSAL ELECTRIC CO., AD P 437 
7%2-01 Fractional and Sub-Fractional Motors (Catalog 1061, 16 pp.) 


¥. & E. MANUFACTURING CO., AD P 52 766 South Fair Ocks Ave., Pesedenc, Cal. 
7380-01 18” to 36” Drafters; standard and specials; scales (16 pp., Catalog DM3) 


VEE-ARC CORP., AD P 454 
7411-01 REACTRON: Adjustable Speed Control. CAPACITRON: Automatic speed-torque Control. 


VEEDER-ROOT INC. 70 Sergeant St., Hortiord 2, Conn. 
7416-01 Counters - Complete specs. & application data (General Catalog.) 
7416-02 Counters & Controls - Specs. & application data (Bulletins) 


VERNITRON CORP., AD P 511 125 Old Country Rd., Corie Pl., L.1., N.Y. 
7423-01 Resolvers: Sizes 8 thru 23, 60 thru 10,000 cycles (Data File) 
7429-02 Control & Torque Synchros: Sizes 8, 11, 15, 18, 22, 23 (Data File) 


VICKERS INC., DIV. OF SPERRY RAND CORP., AD P 575 

Detroit 32, Mich 
Directional valves for mobile hydraulic systems (Bulletin M-5112, 8 pp.) 
High capacity vane pumps for mobile equipment (Bulletin M-5113, 8 pp.) 
Hydraulic products, industrial-marine-ordnance fields (Cat. SODIC, 74 pp.) 
Hydraulic power packs, motorized, 1500 psi rating (Bulletin 61-82, 4 pp.) 
Vane-type fuel pumps for turbine engines (Bulletin A~§242A, 6 pp.) 
Motorpumps, custom built for aircraft, missiles (Bulletin A-5258, 8 pp.) 


7443-01 
7443-02 
7443-03 
7443-04 
7443-05 
7443-06 


VIKING PUMP CO., THE, AD P 579 Ceder Falls, lowe 
7448-01 Pumps: description & application (Form 409X, 8 pp.) 
7448-02 Pumps: fundamentals, types & data (Form KX, 36 pp.) 


VOLLRATH CO., THE, ADP 188 
7474-01 Stainless and Non-ferrous. Complete facilities. (Bul. 239, 6 pp.) 
7474-02  Centrifugally cast stainless steel Sleeves: 63 sizes (Bul. 2 pp.) 


VON WEISE GEAR CO., AD P 268 9349 Wetson Ind. Park, St. Lowis 26, Me. 
7475-01 V W Gear Motors: Stock Models & Spec. Design (Cat. & Data Sheets) 


VULCAN ELECTRIC CO., AD P 480 
7477-01 Complete Line Of Electric Heating Units. Types, Specs., prices (Cat. VG-201, 36 pp.) 


WABASH METAL PRODUCTS CO., AD P 50 1582 Morris St., Wabash, Ind. 
7488-01 Hydraulic Lab Presses: 12 to 100-tons (Cat. 16, 12 pp.) 
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WAGNER ELECTRIC CORP., AD P 444-445 6400 Plymouth Ave., St. Levis, Mo. 
7497-01 Wagner Motors and Transformers (F its-Ur-Pocket Price Book EU-2) 

7497-02 Motors & Fho., single-phase, capacitor-start, split-pnase (Bul, MU=217A, 4 pp.) 
7497-03 Motors: integral hp., polyphase squirrel-cage, drip-proof (Bul. MU-223, 8 pp.) 
7497-04 Motors: integral hp., polyphase, squirrel-cage, TEFC (Bul. MU-224, 8 pp.) 


WALDES KOHINOOR, INC., AD P 368 47-16 Awstel Pl., Long Island City, N.Y. 
7515-01 Retaining Rings: Available types, typical applications(Cat. 10-58, 24 pp.) 
7515-02 New Truarc Series 5160 heavy-duty retaining ring(Bulletin 459-14 , 2 pp.) 
7515-03 Armco PH 15-7 Mo stainless steel rings (Bulletin 459-1a, 4 pp.) 

7515-04 Retaining Rings: Military standards and specifications(Bulletin 459-5, 4 pp.) 
7515-05 Pliers for different ring types, sizes (Bulletin 459-15, 4 pp.) 

7515-06 Tools for mechanized ring assembly (Bulletin 459-13, 4 pp.) 

7515-07 Automatic tools for cutting ring grooves (Cat. RT-61, 6 pp.) 

7515-08 Retaining Rings: Groove and bore gages, location gages(Bulletin 459-10, 4 pp.) 
7515-09 Rings: for bores and housings .250” to 8” dia. (Cat. RT41, 6 pp.) 

7515-10  Truarc location, dial-indicator ring Gages(Bulletin 459-10 4 pp.) 


WALDRON-HARTIG DIV., MIDLAND-ROSS CORP., AD P 263 
P. 0. Box 791, New Bronswick, NJ. 


7529-01 WALDRON Standard Couplings - Flexible gear types (Cat. 57R) 


WALKER CO., GEORGE, AD P 513 118 Amsterdam Ave., Posseic, NJ. 
7533-01 GRIPMASTER Strain Relief Bushings for cables & conductors (Brochure 4 pp.) 


WALL COLMONOY CORP., AD P 94 19345 John R St., Detroit 3, Mich. 
7542-01 Hard-Surfacing Alloys, a complete line of 16 (Cat. 79, 12 pp.) 

7542-02 Hard-Surfacing by spraying & fusing alloys (Cat. 300 FD, 4 pp.) 

7542-03 Stainless brazing alloys, a complete line (Form 1.2, 4 pp.) 

7542-04 Contact Stainless Brazing: 5 plants, country wide. (Form 1.1, 4 pp.) 


WARNER AUTOMOTIVE DIV., BORG-WARNER CORP., AD P 248 

Old Mansfield Road, Wooster, Ohio 
7556-01 Power Take-Off, Dual Speed or Spec. Design 
7556-02 Ring and Pinion, Miter, Power Train 


WARRICK CO., CHARLES F.. AD P 512 ............ 1964 West Eleven Mile Rd., Berkley, Mich. 
7569-01 Electrode type liquid level controls (Cat. 1961, 32 pp.) 


WATERMAN HYDRAULICS CORP., AD P 585 725 Custer Ave., Evanston, Ill. 
7601-01 Hydraulic Controls, Flow Regulators, and Valves (Catalog, 44 pp.) 


WATERTOWN DIV., NEW YORK AIRBRAKE CO., AD P 235 
113 Starbuck Ave., Wetertown, N.Y. 
7610-01 Oynapower Transmission, desc. & technical data (Cat. DT-1, 6 pp.) 
WATLOW ELECTRIC MANUFACTURING CO., AD P 494 
Rowte 2, Box 888, %. Lovis 41, Mo. 


7614-01 Electric heating units (Cat. 137, 50 pp.) 


WATTS REGULATOR CO., AD P 580 
7623-01 Air line filters, regulators, lubricators (F¢ 


Lewrence, Mess. 
er FLSE, 4 pp.) 
WAUKESHA FOUNDRY COMPANY, AD P 18! Wavkeshe, Wisconsin 
7632-01 Corrosion Resistant Castings (Catalog) 


WEBSTER ELECTRIC, OIL HYDRAULICS DIV., AD P 562 

Recine, Wis. 
Gear-Type Pumps to 120 gpm.(S pecs. and curve sheets, HY1) 
Axial Piston Pumps to 14 gpm.(Specs. and curve sheets, HY5~series) 
Valves: Directional, Relief, Lock, F low dividers. (Specs, curves, HY3) 
Gear Motors, to 100 hp., 1500 psi.(Specs and curve sheets, HY7) 
Axial Piston Motors, to 28 hp., 3000 psi.(Specs. curve sheets HY9) 
Motor-Gear Reducer, 4.65 to 1, to 2000 psi. (Specs. Sheet HY6-1) 


7650-01 
7650-02 
7650-03 
7650-04 
7650-05 
7650-06 


WESTERN FELT WORKS, AD P 150 

7668-01 Felt and Its Uses (Bulletin, 4 pp.) 
7668-02 Felt Wicking and Lubrication (Bulletin, 6 pp.) 
7668-03 Felt Seals—Design and Application (Bulletin, 2 po.) 
7668-04 Felt Treatments (Bulletin, 2 pp.) 

7668-05 Filter Felt (Bulletin, 2 pp.) 

7668-06 Felt Specifications and Testing (Bulletin, 6 pp.) 


4021-4139 Ogden Ave., Chicege 23, Ili. 


WESTERN MANUFACTURING CO., AD P 274 3400 Scotten Ave., Detroit 10, Mich. 
7686-01 Western Drives - Complete Des. Engrg. Specifications (Catalog) 
7686-02 Western Transmissions - Complete Des. Engrg. Specifications (Catalog) 


WESTERN RUBBER CO., AD P 158 
7690-01 Molded & Lathe-cut Rubber Parts for al! inaustries 


WESTERM SKY INDUSTRIES, AD P 391 21300 Cloed Wey, Heyword, Calif. 
7695-01 = IHustrated literature on 1 piece Nylon Grommets 
7695-02 What you shoud know about Stand-Dff Fasteners (Bro. 18 pp.) 
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WESTINGHOUSE ELECTRIC CORP., AD P 438-439, 450-451, 512 


3Geteway Center, Box 2278, Pittsburgh 30, Pe 


713-01 Twin Magnet OC Brake (TM Brake Book, B-8248) 

113-02 RECTIFLOW Drives: AC Adjustable speeo (Bul. B-7302) 

113-03 MAGNAFLOW Drives: Electromagnetic OC (Bul., B-7875) 

7713-04 Motors & Control for the air-conditioning industry (Bul. B-7893) 

713-05 Adjustable Voltage Drives for cargo cranes anc Hoists (Bul. B-7991-A) 
LIFE-LINE A Motors for the oil fielc pumping inaustry (Bul. 8-7874) 
Motors & Control for Deep Well Turbine Pumps (Bul. B-6737) 
LIFE-LINE A Motors for Fans ang Bowers (Bul. B-6737) 
New GUARDISTOR motor protection (Bul. 8-7876A) 
Fnp AIRLINE motors: For air-moving applications (Bul. 8-7755) 
Fhp 42-Frame AIR LINE Motors (Bul. 8-7966) 
Fhp FLEXYDRIVE Motor (Bul. B-8276) 
New Control Relay cuts panel space up to 78% (Bul. B-7345) 
Details & application of molded case Circuit Breakers (Bul. 0B-29-55) 
Molder Case Circuit Breakers: Prices & Line details (Bul. PL-29-321) 


WHITE CO., THE 0. C 


17 Hermon St., Worcester 8, Moss. 
1726-01 Machine Lights and Magnifiers; C 


Complete line and custom designs. (Catalog IN-61) 


WHITE DENTAL MFG. CO., S. S., INDUSTRIAL & PLASTICS DiV., AD P 266 
10 East 40th St., New York 16, N.Y. 

1731-01 Flexible shafts, general info, & data (Handbook, 90 pp.) 

Plastic Protector for pin connectors (Bul. P-6012, 4 pp.) 

Plastic Protectors: Flex. Vinyl Caps (Bul. 6104-VP, 4 pp.) 

Plastic protector for tubing & threads (Bul. 6104-GP, 4 pp.) 

Flastic Protectors: Threaded Acetate (Bul. 6104-AP, 6 pp.) 

industrial Abrasive Unit, gen. data (Bul. 6006, 16 pp.) 


WIEGAND COMPANY, EDWIN L., AD P 493 7535 Thomos Blvd., Pittsburgh 8, Po. 
1776-01 HROMALOX Electric Heating Equip.-Process-Comfort (Cat. 60) 

776-02 CHROMALOX Electric Redhead Cariridge Htrs. for Spot Htg. (Bul. PC101) 

1776-03 CHROMALOX Electric Flexible Heaters-any shape, size to 24” (Bul. PJ100) 
1776-04 CHROMALOX Electric Strip Heaters-500 Standard sizes (Bul. PA 100) 

1776-05 SHROMALOX Electric Far-infrared Radiant Heaters and Panela (Cat. G-62) 
1716-06 RADCOR Automatic Fluid Heat Transfer Systems (Bulletin BRP 100-1) 


WIGGINS OIL TOOL CO., INC., E. B., ADP 303 .. 3424 E. Olympic Blvd., Los Angeles 23, 
Calif. 
R-X- Metal Seal, -400° to +1 500°F. Des. & Specs, (Cat. GC-7A) 
ENTRY electrical connector, dutt-type. Des, & Specs. (Cat. GC-8) 
; Specs. (Cat, GC-3 & 5A) 

specs. (Cat. GC-2 & 4) 
onnector, fluid, miniature. Des. & Specs. (Cat. GC-3) 
WiG-O-F LEX flexible connector for rigid tubes. Des. & Specs. (Cat: GC-6) 


T-O-MATIC connector, fluid, push-p 
-VATIC connector, fluid, quick-connect; 


v AMATI 


1945 S. Sth Ave., Cicero 50, ill. 


WILLIAMS-BOWMAN RUBBER CO., THE, AD P 148 
34-01 Mechanical rubber parts (Cat., 12 pp.) 
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WILLYS MOTORS INC., AD P 430 

7803-01 4 cylinder, “Jeep’’ industrial Engines (Cat., 6 pp.) 

7903-02 6 cylinder, Heavy-Duty “Jeep” Industrial Engine (Cat., 4 pp.) 


WINSMITH, INC., AD P 230-23) 208 Eaton St., Springville, New York 
7839-01 Hollow Shaft Worm Gear Speed Reoucers( Bulletins) 


WINTERBURN MFG. CO., AD P 514 P.O. Box 386, Putnam, Conn. 
7848-01 DAZIC Zero Speed, Speed Responsive, F low Switches (Manual, 48 pp.) 


WISCONSIN MOTOR CORP., AD P 414-415 1910 S. 53rd St., Milwawkee 46, Wis. 
7866-01 - Internal Combustion Engines: New Model V-460 - 4 cylinders, (Bul. $-282, 4 pp.) 
7866-02 Wisconsin's Complete Line: 3 to 60 HP., one, two, & four cy!. (Bul. S~283, 4 pp.) 


WOLLENSAK OPTICAL CO., AD P 52 Rochester 21, N.Y. 
7889-01 New FASTAX bulletin on high speed photography (4 pp.) 


WOOSTER DIV., BORG-WARNER CORP., AD P 570... Old Mansfield Reed, Wooster, Ohio 
7891-01 Gear Pumps, Controlled Pressure Loaded (Bulletin P3) 
7891-02 Directional Control, parallel circuit, open certer (Bull. 2D) 


WORCESTER VALVE CO., INC., AD P 583 16 Parker St., Worcester, Mass. 
7893-01 ECON-O-MISER Bali Valves - Complete Engrg. Data (Cat. 4 pp.) 
7893-02 Ball Valve Operators for Remote Control (Tech. Data Sheet #6) 


WORTHINGTON CORP., AD P 2nd Cov., 246-247... Harrison, N.J. 

7902-01  Worthington-Goodyear, Cat. (Bulletin 7905-82, 28 pp.) 

7902-02 Automatic Centrifugal Clutch (Bulletin 8215-81, 8 pp.) 

7902-03 X-Design Air-Cooled compressor 1/3-20hp.(Bulletin 3405-B4, 28 pp.) 

7902-04 Monobloc Air-Cooled compressor 14-5 hp.(Specifications 3405-S7, 2 pp.) 

7902-05 Radial, Two-Stage Air-Cooled compressor 25-100 hp.(Bulletin 3430-B1, 12 pp.) 

7902-06 40-250 psi. Air-Cooled compressor 15-20 hp.(Bulletin 3406-81, 4 pp.) 

7902-07  Allspeed Drive, 1/3 thru 5 hp (Bulletin 8115-81, 16 pp.) 

7902-08 Variable Speed Drives; (Bulletin 8135-81, 12 pp.) 

7902-09 Rotary Pumps, Gen. Serv. (Bulletin 2060-B18, 8 pp.) 

7902-10 Rotary Pumps, Heavy Duty (Bulletin 2064-B1A, 8 pp.) 

7902-11 Rotary Pumps, Heavy Duty Steam Jacketed (Bulletin 2066-B1A, 8 pp.) 

7902-12 Standard End Suction Centrifugal Pumps (Bulletin 2004-B1, 16 pp.) 

7902-13 Light Duty Sheaves (Bulletin 8015-81, 20 pp.) 

7902-14 Heavy Duty Sheaves (Bulletin 7950-81, 16 pp.) 

7902-15 Multi-Stage Mechanical Shaft Governor (Bulletin 4815-B1, 8 pp.) 

7902-16 Direct Oil Relay Governor (Bulletin 4802-81, 4 pp. 

ZERO-MAX COM PANY, THE, AD P 272 2845 Herriet Avenve South, 
Minneapolis 8, Minn. 

7916-01 ZERO-MAX Stepless Var. Speec Drives - 35 Fhp. Modeis(Cat. 000, 16 pp.) 


LIERICK MFG. CORP., AD P 510 112 Beechwood Ave., New Rochelle, N.Y. 
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What synthetic sealing 
materials should I 
use—and when 


Environmental conditions generally dictate the type of synthetic 
rubber for a specific oil sealing application. 


Where temperature, shaft speed, runout, eccentricity, and lubricant 

type are “normal”, standard Buna N synthetic rubber compounds 

are satisfactory. If, however, the application is “dry running”, a 

compound must be selected that will operate satisfactorily with a very 

small amount of lubricant. If the application involves excessive 

abrasion, highly “loaded” compound stocks should be provided. At 

temperatures over 250° F polyacrylics or silicone compounds are indicated; if high temperature is accom- 
panied by a solvent base or additive lubricant, polyacrylics are definitely preferred. 

Thus many variables govern successful oil sealing. The chart below gives more data; for complete information 
from the world’s foremost oil seal laboratories, call your National Seal engineer. He’s in the Yellow Pages, 
under Oil Seals or O-Rings. 


SYNTHETIC RUBBER COMPOUNDS RECOMMENDED APPLICATIONS 
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*Silicones require special s lizat or t ry use in oils at high temperature 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
GENERAL OFFICES: Redwood City, California 
PLANTS: Van Wert, Ohio; Redwood City and Downey, California 


® 


CIRCLE 698 ON READER SERVICE CARD 





_ WHATS 
IN IT 
rOR 
YOU! 


CONSTANT SPEED AND TORQUE OF 
EMERSON ELECTRIC MOTORS 


is assured by balanced 
Die-Cast Rotors 


The precision tolerances of the rotors in Emerson Electric 
Motors insure a uniform air gap for constant speed and 
torque. Noise and vibration are kept to a minimum by 
the symmetrical rotor design that provides a_ porous- 
free casting. The rotor is supported on each side to 
decrease the bearing load and give your application long, 


trouble tree operation 


EMERSON ELECTRIC MOTORS are custom engineered 
to suit your specific needs. Call us today— you'll like our 


way of doing business! 


AO . ( ) 


<_< MERSON ELECTRIC of St.Louis *« Since 
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